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ABSTRACT 
Over the past four decades, Australia’s rail sector has been in decline and has lost almost half 
of its previous share in the non-bulk freight market. Government policies to encourage the 
use of rail for the transportation of freight have been met with ongoing challenges, resulting 
in an urgent need to explore strategies to increase rail’s competitiveness and achieve greater 
market share.   
While there has been an increase in international research on improving the competitiveness 
of rail transport in the non-bulk freight markets, previous studies focussed primarily on the 
line-haul component of rail transport and insufficient attention was been paid to the 
relationship between competitiveness and the broader transport system in which rail operates. 
Until now, rail freight transport has not been investigated as a system comprised of different 
sub-systems which must be integrated into the wider multimodal freight transport 
environment. As a result, fragmentation of freight strategies have occurred which does not 
necessarily improve the competitiveness of rail transport.  
This research addresses the above issues by providing a more detailed and transparent image 
of the key challenges faced by the rail sector in Australia. These challenges were previously 
ambiguous, mainly due to the paucity of empirical research and absence of stakeholder 
involvement. Therefore, the primary research question of this thesis is to identify and 
investigate strategies to improve the competitiveness of the rail sector in the Australian non-
bulk freight market. 
A quantitative research methodology was adopted to address the primary research question, 
and a conceptual model was developed following a systematic literature review. The 
systematic review adopted in this thesis was critical to achieving a more detailed 
 13 
 
understanding of the key challenges facing the rail sector in Australia and to create an 
accurate input for the empirical stage. This approach was also beneficial to reducing the bias 
of available literature by applying predefined data collection strategies, inclusion and 
exclusion criteria and meta-analysis. Subsequently, an instrument was developed to conduct a 
web-based survey. The data collection was accompanied with large participation (200 
potential participants with a 42.2 per cent response rate) from rail stakeholders at a national 
level.  
By conducting exploratory and confirmatory factor analyses, the empirical results of this 
thesis identified four key impediments, each containing three to five factors: (i) infrastructure 
management, (ii) shortage of freight data and poor information sharing, (iii) interoperability 
and service delivery and (iv) organisational communications and commercial relationships. 
Four key research areas emerged when the findings of the literature review and empirical 
research were synthesised, resulting in further investigation being undertaken to fully address 
the primary research question: (i) providing strategies for service improvement, (ii) 
investigation of rail freight from a transport geography perspective, (iii) exploring the role of 
intermodal terminals in development of non-bulk rail freight market and (iv) the role of rail in 
the Australian port-based market. Further analysis was then conducted to address these areas. 
To provide strategies for improved service quality a probabilistic mathematical model was 
developed to evaluate the relationship between reducing transit-time and reliability as the 
major time-based attributes of a freight service. The model was then applied to the Australian 
rail freight network to provide strategies for service improvement in poor corridors. To 
investigate the rail freight from a transport geography perspective and to explore the role of 
intermodal terminals in development of non-bulk rail freight market, various secondary data 
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sources were used with author’s original analysis. Finally, primary data was collected using a 
survey distributed among Australian ports with intermodal activity and secondary data was 
collected from other sources to explore the role of rail in the Australian ports. The above 
investigations were accompanied by various transportation science methods. This thesis has 
been developed on a publication basis and the findings have been presented as seven 
publications, five of which have been published and two are currently under review. These 
publications focus on addressing the secondary research questions and objectives, all of 
which answer the primary research question.  
This thesis makes several contributions to the industry and academia. Firstly, it provides a 
more transparent image of the key challenges faced by the rail sector in Australia. Secondly, 
it provides important recommendations for the Australian rail sector and government to make 
informed transportation and policy decisions, including those related to track upgrade, 
development of intermodal terminals interoperability and access charging systems. Thirdly, 
this thesis contributes to the stakeholder management and rail transportation literature by 
framing the concept of rail stakeholders. Fourthly and most importantly, this research 
contributes to the literature of transportation by developing a conceptual framework which 
integrates the systems approach into the competitiveness concept within a freight 
transportation context. This in-depth investigation into the relationship between freight 
service performance and competitiveness in the freight markets offers significant benefits to 
industry and academia when developing freight transportation improvement strategies. 
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EXPLANATORY NOTE ON THESIS STRUCTURE 
 
A PhD thesis containing peer reviewed publications that explain the research undertaken 
during candidature is becoming popular among academia as it adds value to the candidature 
experience, enhances a curriculum vitae, provides more career opportunities, improves the 
research quality and quickly promulgates the research findings to the academic community. 
This model of producing a PhD thesis is well accepted at the University of Tasmania and 
guidelines have been provided to assist candidates and their supervisors with the preparation 
of a thesis that is formatted as a combination of chapters and research papers that have been 
published, are under review, or prepared for submission.  
Accordingly, this thesis has carefully incorporated the guidelines of the University of 
Tasmania for producing a thesis under such format. This thesis contains four chapters to 
assist the reader to understand the rationale and construct of this research, followed by seven 
peer-reviewed papers which reflect the research outcomes. This thesis has three secondary 
research questions and four objectives, all of which are integrated to answer the primary 
research question.  
In this thesis, Papers I through VII represent the work required to meet the research questions 
and objectives. These papers have been published (or submitted for publication), as six 
internationally recognised journal articles and one peer-reviewed international conference 
paper. As a consequence, some textual and reference overlaps occur between these papers, 
and the introduction and methodology chapters. 
Although the papers are separated into discrete topics, its organisation has been orchestrated 
and integrated to be read as a single rational argument and to achieve the primary research 
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objective of this PhD work. The decision to develop the thesis on a publication basis was 
made in the very early stages of the student’s candidature, mainly due to the existing 
fragmentation and paucity of academic work in this field. This approach was critical as the 
study progressed in discrete stages and involved a sequence of related components. In 
addition, the publication-based method enabled the candidate to profoundly investigate the 
research problem and allowed international specialists outside of the supervisory team to 
review the research quality and provide feedback prior to the submission of the final thesis.  
The literature review of this research was conducted separately in relation to the defined 
research questions and objectives. It was then presented in Chapter 1 and relevant 
publications. In addition, a critical review of the literature with a focus on the Australian non-
bulk rail freight sector was conducted in a form of a systematic literature review and 
presented as a published manuscript. 
The first chapter of this thesis is written as a general introduction that explains the theoretical 
framework needed to establish the conceptualisation of the subsequent chapters and papers. 
Chapter 2 explains the methodological approach applied in this thesis. Chapter 3 provides the 
summary of the development of papers and how they are integrated. Finally, Chapter 4 
provides a holistic conclusion for the discrete papers, including the research contribution, 
research limitations and guidelines for future research. The research papers are subsequently 
provided as appendices.  
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1.1 BACKGROUND OF THE STUDY 
Australia is a large nation far from its international markets. The ability to efficiently 
and effectively undertake the freight task substantially determines its international 
competitiveness. The freight sector provides a significant contribution to Australia 
via economic growth and employment and accounts for 14 per cent of gross domestic 
product (GDP) (Infrastructure Australia, 2011). Therefore, a properly functioning 
transport market that is free of barriers and distortions is a key element of growth and 
competitiveness for the Australian economy (ARA, 2010).  
The Australian freight activity can be categorised into two different tasks: bulk and 
non-bulk
1
 freight. Total freight was 610.3 billion tonne kilometres (TKM) in 2011–
12, of which 180.7 billion net TKM was non-bulk freight (around 30 per cent) and 
429.6 billion TKM (70 per cent) was bulk freight. While the bulk rail traffic is 
mostly intrastate (approximately 98 per cent in net TKM), the non-bulk freight is 
diverse in terms of geographical distribution (BITRE, 2013). The domestic freight 
activity has doubled in size over the past 20 years, averaging growth of 3.5 per cent 
per annum, with the non-bulk  (intermodal) sector having the fastest growth rate 
(BITRE, 2014a).  
The biggest bulk haulage task is in Western Australia (WA), which is dominated by 
rail’s movement of iron ore in the Pilbara region which represents 60 per cent of 
Australia’s total rail freight task (and two thirds of the bulk rail freight task). Other 
sizeable intrastate bulk flows are recorded in Queensland (20 per cent of the total rail 
freight task) and New South Wales (7 per cent of the total rail freight task) where 
                                                          
1
 In this thesis, the words intermodal and non-bulk are used interchangeably.  
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there are large coal movements (BITRE, 2012). In the bulk freight task, mining 
companies such as BHP Billiton, Rio Tinto and Fortescue Metals Group are 
vertically integrated by owning and managing dedicated above- and below-rail 
infrastructure from their mining sites to the exporting port (BITRE, 2014b). In this 
freight sector, rail is the dominant mode of transport due to its economies of scale. 
Therefore, the competition between rail and road is not significant. The bulk rail 
freight task is undertaken separately from the non-bulk sector, mainly due to separate 
geographical markets, different regulation and policy, separate infrastructure and 
different stakeholders. The export of bulk freight takes place using dedicated below 
and above rail infrastructure and the export is undertaken in ports where no 
intermodal activity is undertaken (BITRE, 2014b). Accordingly, there is limited 
overlap in the use of infrastructure and no mutual market exists between these two 
sectors.  
The non-bulk freight market in Australia is an example where competition between 
road and rail is well pronounced. The total value of the non-bulk supply chains 
equated to approximately two per cent of Australia’s GDP in 20082, of which the 
interstate corridors comprised 61 per cent, international chains 34 per cent, and the 
intrastate chains five per cent (Booz & Co, 2008a). The total volume of non-bulk 
freight has doubled from 90.07 billion TKM  in 1995 to 180.71 billion TKM in 2013 
(BITRE, 2013). Of interest is that the total non-bulk freight travelling on these 
corridors is expected to grow much faster than the rate of population growth and the 
average national gross domestic product (GDP) growth (BITRE, 2010). The 
                                                          
2 Transport economic-related data on the domestic freight task is not regularly generated; this figure is 
based on the most current data available. 
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continuing growth in the non-bulk freight volume is increasing the number of 
challenges for governments, industry and the community in Australia. 
However, in spite of the significant recent and forecasted growth of the non-bulk 
freight task, productivity improvements of rail freight have lagged behind those of 
road (NTC, 2008; Visser & Hassall, 2010). Over the past two decades, rail’s share 
has remained around only 17 per cent of the total non-bulk freight market. This has 
resulted in significant road freight activity across the Australian freight network. 
Interestingly, the highest road freight activity growth in the world was seen in 
Australia where truck freight activity in 2005 was more than six times greater than 
that in 1973 (Kamakaté & Schipper, 2009). As a result of these developments, 
Australia has become the most intensive user of road freight in the world
3
 and has the 
lowest energy efficient road passenger system among members of the International 
Energy Association (PMTGEE, 2010; Deloitte Access Economics, 2011), which has 
a membership of 29 countries. International Energy Association works to ensure 
reliable and affordable energy for its member countries with a particular focus on 
energy security and economic development in transport sector.   
Similarly in Europe, road continues to maintain the largest share among the inland 
transport modes in EU. In 2013, road transport accounted for 74.9 per cent of the 
total inland freight (on a TKM basis) while rail reached 18.2 per cent, slightly under 
the share it had in 2011 and 2012 (Eurostat, 2015). Figure 1.1 shows the modal split 
of inland freight transportation in the EU-8 between 2008 and 2013.  
                                                          
3
 When measured on a TKM per person basis.  
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Figure 1.1 Modal split of inland freight transportation between 2008 and 2013 
Source: Eurostat (2013) 
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from road to rail. This is evidenced in the European Commission’s (2011) White 
paper where a target was set that 30 per cent of freight over 300 km must shift to rail 
and inland navigation by 2020 and that should increase to over 50 per cent by 2050. 
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infrastructure network were clear steps taken by the Commonwealth Government to 
encourage the use of rail under a viable national freight system. 
Greater rail activity however must be countered by productivity and competitiveness 
factors, which may become hampered by the impediments of the Australian rail 
sector (Infrastructure Australia, 2011). According to the National Transport 
Commission (NTC), the impediments include infrastructure constraints, commercial 
barriers and inconsistent standards and regulations, all of which may result in freight 
managers and users not utilising the best combination of transport modes and 
services relative to the task (NTC, 2004; Booz & Co, 2008b). Although the notion of 
impediments may possibly be generalised to all the transport modes, factors exist that 
are unique to the Australian rail sector. Hence, the identification and evaluation of 
constraints that may impede rail from being an efficient mode of transport is the 
preliminary step to increasing the use of rail.  
1.2 PROBLEM STATEMENT  
The non-bulk rail sector is a complex industrial system in terms of operations, policy, 
regulation and structure (Woodburn, 2008; ARA, 2010). Therefore, the extent to 
which different actors involved in the non-bulk freight task are integrated 
substantially determines the performance and competitiveness of this important 
freight sector (Allen et al., 2010). Many mode-specific transport policies fail to bring 
productivity and efficiency to a transport mode, mainly because the integration of 
that particular transport mode into the wider transport system is neglected (Everett, 
2005). This is particularly important in the non-bulk freight market where road and 
rail must be integrated to provide a freight service to meet the customer’s 
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requirement. Thus, to develop transportation policy and strategy to promote rail, 
research should investigate rail transport as a system with all its elements, its 
interface with other modes and the subsequent integration with the multi-modal 
transport system.  
Despite the increasing need for greater research on transport integration 
(Bontekoning et al., 2004; Hesse & Rodrigue, 2004; Childerhouse et al., 2011), the 
literature on rail competitiveness is scarce and until now has been unsystematically 
generated. In other words, the competitiveness of rail transport has been investigated 
in relation the performance of line-haul component and not as a system in the 
broader freight market. The available literature is considerably fragmented, 
consisting of studies that are either explaining the rail’s declining share in different 
markets from a service-level perspective (Shinghal & Fowkes, 2002; Brooks et al., 
2012; Kanafani et al., 2012) or, specifically focusing on a single element of this 
complex system. In the first stream, research is mainly centred on different aspects of 
service quality such as freight rate (Shinghal, 2005), reliability levels (Kaas, 2000; 
Vromans et al., 2006), availability, transit-time and providing relevant strategies, 
whereas the second stream has more diversity due to a focus on issues such as access 
pricing (Everett, 2005), competition (Behrens & Pels, 2012), infrastructure 
management (Crozet, 2004), regulations (Cantos & Maudos, 2001; Spychalski & 
Swan, 2004), deregulation (Everett, 2006; Dablanc, 2009), funding approaches 
(Hensher et al., 2012), industry structure (Woxenius & Bärthel, 2002; Williams et al., 
2005), environmental impact (Feitelson, 1994) and operational practices (Peng et al., 
2013).  
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The operations of non-bulk rail freight involve the participation and collaboration of 
various players, including the above-rail operators, below-rail operators, intermodal 
terminal operators, ports, governments and even the road sector. Thus, providing any 
transport solution requires understanding the rail sector as a system that includes 
different sub-systems rather than an examination from the perspective of a particular 
player, such as the train operator, track manager, intermodal terminal operator or the 
regulator. Reflecting this complexity, strategies that aim to improve a particular 
aspect of the rail sector without examining the consequential impacts on other areas 
are not necessarily practical (Tsamboulas et al., 2007).   
This existing fragmentation in the literature has highlighted the lack of a strong and 
comprehensive theoretical framework capable of incorporating the different supply 
chain actors involved in the non-bulk freight task into a single system. Accordingly, 
the performance of this system can be assessed alongside market requirements. This 
approach can assist government and industry in identifying, evaluating and 
prioritising the key industry concerns and help to make informed policy, planning 
and funding decisions.  
1.3 THEORETICAL FRAMEWORK 
Most social phenomena are complex and linked to multiple body of knowledge that 
belong to different disciplines of science. As a result of this complexity, better 
understanding of such phenomena requires a multidisciplinary approach (Jabareen, 
2009). A theoretical framework is required for any research to provide both structure 
and boundaries (Ennis, 1999). This in turn will bring more clarity to the scope of the 
research.  
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The theoretical framework of research is related to the philosophical approach on 
which the research is built, and establishes the link between the theoretical aspects 
and practical outcomes of the research (Sinclair, 2007). Therefore, the theoretical 
framework justifies every step taken during the research process (Leshem & 
Trafford, 2007). This section describes how the development of the theoretical 
framework commences from a general freight transport market context to a systems 
approach that is used to enhance the competitiveness of the rail sector.  
The development of a freight transport system is the natural response to the ever-
growing needs of exchanges between individuals and societies for the movement of 
commodities as a part of national and global economies (Tolley & Turton, 1995). 
Therefore, an efficient freight transport system is a vital feature of every economy 
(Hesse & Rodrigue, 2004). Economic opportunities are unlikely to arise where 
freight transport systems are not able to answer the mobility needs and ensure access 
to markets and resources (Rodrigue et al., 2013). Hence, the efficiency of a freight 
transport system substantially determines the competitiveness of an economy.  
The transport mode is a central element of every freight transport system (road, rail, 
sea and air). Each transport mode has a unique set of operational and commercial 
characteristics. Transportation modes are the means by which passengers or freight 
achieve mobility (Rodrigue et al., 2013). Transport modes fall into the two categories 
of (i) modal split and (ii) interoperability (Allen et al., 2010). Modal split refers to 
the extent to which a transport mode is being used to capitalise on its strength, while 
interoperability is related to the ability of a particular transport vehicle to operate on 
more than one physical network. The scope of this thesis is aligned with both modal 
split and interoperability, and this is linked to the competitiveness of transport modes 
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in freight markets (Konings & Ludema, 2000). For example, the line-haul component 
of a non-bulk freight service is where road and rail compete for greater volumes. 
Moreover, the extent of rail interoperability with road is considered as a key 
competitiveness factor for rail transport in the non-bulk markets. This means the 
extent to which a transport mode meets the customer’s requirement determines the 
modal shift and its competitiveness in the freight market.  
Knowing that each transport mode has unique operational and commercial 
advantages which better fit the requirement of a particular freight flow, an efficient 
freight transport system is the one in which the users benefit from the natural 
advantages of each (European Commission, 2011).  
As a result of changing demand from freight customers to lower freight costs and 
improve service quality, many governments across the world aim to promote 
efficiency and integration of freight transport systems by implementing the concept 
of intermodality. The European Commission (2006, p.21) defines intermodality as 
‘the efficient use of different transport modes on their own and in combination’, 
leading to ‘an optimal and sustainable utilisation of resources’. While delivering the 
same meaning, numerous definitions have been used to describe such freight flows 
(Beuthe, 2007). According to the abovementioned definition, an efficient freight 
transport system is derived from a combination of different transport modes or sub-
systems, including road, rail, sea and air. 
In many countries across the globe, especially those with a large land mass (such as 
Australia), rail is a key element for an integrated freight transport system due to its 
ability to efficiently carry large volumes over long distances and significantly lower 
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environmental impacts on society (Brown & Hatch, 2002). Therefore, the efficiency 
of the rail system is a key determinant of an integrated intermodal freight system 
(Woodburn, 2003). This central point is the rationale for the development of the 
theoretical framework in this thesis. As this thesis aims to provide strategies for the 
Australian rail sector to enhance its competitiveness, a systems approach has been 
adopted to incorporate the rail sector into the wider multi-modal transport system. 
The systems approach is beneficial because it assists in (i) more completely 
identifying the interfaces of the rail sector with other supply chain actors and (ii) 
investigating how the rail sector can create a competitive freight service by 
utilisation of assets and improving processes. The following sections detail the 
development of the theoretical framework from the simple systems theory of 
management through to the construction of the conceptual framework.  
1.3.1 Systems theory and its applicability to the freight transport system  
Many of today’s business problems are complex as they involve multiple actors with 
various interactions (Charlton & Andras, 2003). One of the core benefits of systems 
thinking is its ability to deal effectively with complex problems and to create an 
understanding of the level at which the results are required (Aronson, 1996). 
Systems theory is regarded as one of the most useful theories in today’s management 
practice in process-oriented organisations (Cetin & Cerit, 2010). Systems theory was 
developed in the 1950s by the biologist Ludwig von Bertalanffy (Von Bertalanffy, 
1956). Over time, however, systems theory has been extensively embraced by 
various scientists in social science (Duflou et al., 2012; Kerzner, 2013; Kaput et al., 
2014). Systems theory considers an organisation as a system and investigates the 
 12 
 
relationships between different sub-systems within an organisation (Kast & 
Rosenzweig, 1972; Erjavec & Thompson, 2014; Mason & Simmons, 2014). 
To better understand systems theory, a preliminary step is to understand the concept 
of a system itself. There are numerous definitions available for the term system. This 
thesis adopts the concept of systems according to Evan (1976) which defines a 
system in a social environment with four basic components: 
1. Inputs of various types of resources; 
2. Transformations of resources with the aid of social and/or technical 
processes;  
3. Outputs which are transmitted to other systems; and 
4. Feedback effects, whether negative or positive.  
The rail sector is an example of a complex system with participation from various 
supply chain actors and numerous interactions. Thus, Evan’s (1976) approach to 
exploring systems is appropriate for the rail sector and capable of contributing to the  
constructing of the conceptual framework of this thesis.    
Systems can be classified into two different types according to their interactions with 
their surrounding environment: the closed system and the open system. According to 
Parsons (2013), the closed system has rigid, impenetrable boundaries, whereas the 
open system has permeable boundaries between itself and a broader supra-system. 
Most social systems are considered open systems where the environment plays an 
important role in the overall performance of the system (Martin & O'Connor, 1989; 
Thompson, 2011). Figure 1.2 demonstrates a simple open systems model.  
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Figure 1.2 Simple systems model 
Source: Littlejohn and Foss (2010) 
In open systems, a system can consist of different sub-systems as interdependent 
components with different goals and values, and varying technical, physiological, 
structural and managerial characteristics (Kast & Rosenzweig, 1985; Parsons, 2013), 
whereas these sub-systems interdependently work towards a pre-defined objective. 
One major emphasis of open systems is on the throughput concept as the processing 
of production input to yield outcomes that are used by the external environment 
(Cetin & Cerit, 2010). In an open systems approach, the interaction of organisations 
and their internal resources with the changing external environment places a great 
deal of attention on growth, resource acquisition and external support (Quinn & 
Rohrbaugh, 1983). Other distinctive characteristics of open systems are importing of 
energy and information input (Katz & Kahn, 1978).     
Reflecting the key features of open systems, the operational and social characteristics 
of freight transport systems fit to this management discipline (McLoughlin, 1969; 
Woxenius, 1998; Meyer & Miller, 2001; Mees, 2003). Freight systems aim to 
employ physical infrastructure, human resources, fuel, handling units and transport 
vehicles (as the inputs) using specific operational and technical practices, (as the 
process) to efficiently carry goods (as the outputs) for the customers under certain 
regulations and policies (as the external environment).   
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The benefit of investigating a freight transport system from a systems theory 
perspective is that it enables comparing of the traditional forms of analysis to 
understand the interrelations between its different mechanisms and the surrounding 
environment and to apply the concept of throughput into the freight operations 
setting. Due to the complexity which exists in freight transport operations, the 
systems approach is beneficial to effectively analysing the great number of 
interactions and players from an understandable level and to observe the performance 
of the entire transport system from a single system perspective. Figure 1.3 
demonstrates a potential systems approach to freight transportation. Physical 
networks, transport vehicles, handling units and human resources reflect the inputs of 
a freight transport system, the processes are the operational practices , and finally 
output is a freight service provided to the customers in the market under certain 
regulations and policies. These three elements are surrounded by an environment 
referred to as the freight market and feedback exists between the elements and the 
environment.  
  
Figure 1.3 A systems approach to freight transportation 
Source: author 
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1.3.2 A systems approach to the competitiveness concept  
The extent to which the outputs of a system meet the requirements of the market as 
the demanding environment, determines its competitiveness. This section aims to 
explain the central point of the theoretical framework developed in this thesis, which 
is the integration of the competitiveness concept with the systems approach. Before 
explaining the systems approach to organisational competitiveness, a brief overview 
of the competitiveness concept is provided. The concept of competitiveness has been 
receiving increasing consideration from both academia and industry (Chikán & 
Chikán, 2008; Cetindamar & Kilitcioglu, 2013; Sölvell et al., 2015). This attention is 
mainly due to the direct relationship between competitiveness and an organisation’s 
financial success. For example, the ability of a firm to compete in a particular market 
and to acquire greater market share is an indicator of financial success.  
Therefore, business organisations continuously develop and implement new 
strategies to move from their current competitive position to a stronger one (Antony 
& Bhattacharyya, 2010) and this can only be achieved by enhancing the 
organisation’s competitiveness (Dubey et al., 2014). Competitiveness is a 
multifaceted concept with no universal definition because its meaning varies between 
business organisations (Momaya, 1998).  
Two main views exist to competitiveness. First, to some organisations, 
competitiveness is measured as their ability to convince customers to choose their 
products/service over an alternative (Porter, 2008). On the other hand, some 
organisations measure competitiveness as the ability to continuously improve their 
performance over competitors (Aquino, 1991; Bessant et al., 1994). The first view is 
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mainly based on the external forces that determine the organisation’s boundaries, 
while looking at the organisational capabilities to enhance competitiveness has an 
internal basis in the second view. Feurer and Chaharbaghi (1994) define 
competitiveness as being principally based on the capabilities and offerings of an 
organisation in relation to their competitors with a continuous movement towards 
improving the competitive position. While the abovementioned definitions are 
exclusive by emphasising either the external or internal aspects of competitiveness, 
Feurer and Chaharbaghi (1994) embrace both. This approach to competitiveness 
helps organisations to improve their capabilities (internal) in order to satisfy need of 
the market (external). In this definition, there are four main components that exist: 
1. Organisational capabilities (including input and transformation); 
2. Offerings; 
3. Competitors; and 
4. Continuous moving towards a better competitive position. 
By revisiting the simple systems theory model, similarities can be observed between 
the components of the holistic competitiveness concept and systems theory. Firstly, 
the throughput concept (Katz & Kahn, 1978) can be seen in both theories. Both aim 
to respond to the requirements of the external environment by relying on the internal 
capabilities. Secondly, the input and process components of systems theory 
(Seashore, 1983) are replicated as organisational capabilities in the competitiveness 
concept. Lastly, the output and feedback from systems theory can be interpreted as 
enabling continuous improvement from the competitiveness concept.  
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This thesis aims to suggest strategies for the Australian rail sector to enhance its 
competitiveness. As discussed in Section 1.3.1, the rail sector is a complex system. 
Therefore, approaching the concept of competitiveness from a systems theory 
perspective is beneficial in applying the multifaceted notion of competitiveness to a 
complex system (freight transport for example) at a deeper level of understanding. 
The proposed systems theory approach to competitiveness is a central point in 
developing the theoretical foundation and conceptual framework of this thesis. 
Figure 1.4 demonstrates an example of a systems approach to the competitiveness 
concept.  
 
Figure 1.4 A systems approach to the competitiveness concept  
Source: Author 
As can be seen in Figure 1.3, the competitiveness concept is integrated with a 
systems approach. The input and process are grouped under organisational 
capabilities, while offering is the output of the system. Additionally, feedback exists 
between output and organisational capabilities and this system is located in a broader 
environment (such as a freight market).  
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1.3.3 Competitiveness in the freight transport sector 
Competitiveness can be studied at different levels: (i) the firm, (ii) sector, and (iii) 
country level (Momaya, 1998). Whereas the dynamics of competitiveness at the firm 
and country levels have been widely discussed by Michael Porter (Porter, 1986; 
Porter, 1990; Porter, 1998), the concept of competitiveness at the sector level has not 
received similar attention (Waheeduzzaman & Ryans, 1996; Momaya, 1998; 
Couillard & Turkina, 2014; Latruffe, 2014; Navickas & Malakauskaite, 2015). The 
terms sector
4
 and industry tend to be used interchangeably to define a group of firms 
that are active in the same segment of the economy (Bezat-Jarzębowska & Rembisz, 
2013). Generally, these firms operate a similar business type, or complement each 
other to provide a service/product (Cetindamar & Kilitcioglu, 2013; Figiel & Kufel, 
2013; Gilkinson & Dangerfield, 2013). Competitiveness at the sector level is the 
result of the collective actions of businesses that operate in that sector (Kaimakoudi 
et al., 2014). Momaya (1998) defines sector competitiveness as the extent to which a 
business sector: 
 Satisfies the needs of customers from the appropriate combination of 
product/service characteristics; 
 Satisfies the needs of its constituents; 
 Offers attractive return on investment; and 
 Offers the potential for profitable growth.  
This definition differs from those provided for firms in the sense that 
competitiveness is derived from the collective actions of firms which are not 
                                                          
4
 In this thesis the term sector is used consistently, because they are being viewed as being same.  
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necessarily offering the same product/service, but operate within the same economic 
sector in order to satisfy the requirements of the end users (such as the rail sector).  
This thesis is undertaken in the transportation science with a focus on the logistical 
perspective of competitiveness in a freight market. Thus, competitiveness is 
determined by the extent to which the logistical capabilities of the rail sector meet 
the requirements of the freight market (Tipagornwong & Figliozzi, 2014; Santos et 
al., 2015).  
Therefore, the latter three elements of sector competitiveness explained by Momaya 
(1998) which are related to the constitution (for example workers in terms of safety, 
training and benefit programmes) and finance are excluded here. The 
competitiveness of the freight sector in terms of stakeholders’ satisfaction (excluding 
customers), investment and profitability are outside the scope of this thesis and 
require further research from both financial and stakeholder management disciplines.  
The demand for freight service is value driven (Brooks et al., 2012). The determining 
factor for the use of a particular transport mode is whether, and to what extent, that 
mode is able to adapt to the requirements of the transport industry, and in particular, 
freight customers (OECD, 2010). This explanation is consistent with the concept of 
competitiveness in terms of an organisation’s capabilities to offer what meets 
customers’ needs. A customer’s choice of a freight transport service involves a 
complex trade-off between various monetary and non-monetary factors. Therefore, 
having a comprehensive understanding of these factors is necessary to develop and 
deliver a competitive freight service to customers. According to Porter (2008), 
organisations can improve their competitiveness by providing a competitive 
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product/service. Therefore, it can be concluded that understanding the market 
requirements is a critical factor to enhancing competitiveness.  
Over the past decade there has been increasing attention on the area of freight mode 
choice and identifying the key factors influencing the choice of transport mode from 
a customer’s perspective (Meixell & Norbis, 2008; Samimi et al., 2011; Reis, 2014; 
Yang et al., 2014). Historically, transportation mode choice was a simple process. 
Nowadays, mode choice and carrier selection are becoming a part of the decision-
making process in transportation management that includes identifying relevant 
transportation performance variables, selecting the mode of transport and carrier, 
negotiating rates and service levels, and evaluating carrier performance (Monczka et 
al., 2008; Buehler, 2011; Brooks et al., 2012; Yang et al., 2014). According to 
Flodén et al. (2010), understanding the factors behind the choice of freight transport 
mode is vital for a freight operator as the information can be used to develop 
marketing and transport management solutions and consequently enhance the 
competitiveness the freight service.  
By reviewing the key literature on the key factors influencing freight mode choice 
(Morash & Ozment, 1996; Bolis & Maggi, 1998; Bergantino & Bolis, 2008; Meixell 
& Norbis, 2008; Grosso, 2011) and particularly the recent research in this field 
conducted by Flodén et al. (2010), Bergantino et al. (2013) and Arencibia et al. 
(2015), four key factors appear to influence the decision of freight customers when 
choosing a transport mode, these being (i) freight rate, (ii) transit-time, (iii) reliability 
(punctuality) and (iv) service availability. In this thesis these are called freight 
service attributes (FSAs). Different studies show that the these factors are recurring 
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in most of the research undertaken on transport competitiveness and they are ranked 
significantly higher to other factors by the transport industry (Flodén et al., 2010).   
These four factors are also consistent with the view of the Australian freight 
forwarding industry that broadly delineates freight types according to time-based and 
cost attributes (BITRE, 2009). Therefore, in this thesis the competitiveness of a 
freight service in the Australian non-bulk freight market is determined from these 
factors. This approach is pivotal in shaping the theoretical framework and 
methodological tools of this research for two main reasons. First, competitiveness 
can be measured and evaluated in terms of freight service quality. Second, strategies 
can be provided to improve the competitiveness of the rail service in relation to each 
FSA. The following section discusses how the general systems approach to 
competitiveness developed in Section 1.3.2 is applied to the freight transport setting.    
1.3.4 A systems approach to enhancing the competitiveness of the rail sector  
This section presents the conceptual framework of this thesis. In the previous 
sections the underlying elements for constructing the theoretical framework of this 
research were discussed as being: systems theory, its application to intermodal 
freight transport, the competitiveness concept, and a general systems theory of 
competitiveness. Section 1.3.1 discussed how the systems approach can be applied to 
a freight transport system (as shown in Figure 1.2). Based on this, the rail sector is a 
system competing with other transport sectors (road, sea and air) in the non-bulk 
freight market. 
In this sense, inputs are the key element of any economic sector providing service to 
its customers (Salvatore, 2008). Inputs can be defined as tangible and intangible 
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assets, whereas both can be translated into assets for a business sector (Corrado et al., 
2009). In a large scale economic sector such as rail, assets are numerous and this is 
mainly due to the complexity of operations (Van Wee, 2007). Operations of freight 
trains involve various players and their assets. These mainly include below- and 
above-rail infrastructure, intermodal terminals, handling facilities, skilled human 
resources, financial resources and required technology. 
The second component of the rail sector is the process. In a business sector, process 
is considered as the practice or know-how of employing the assets to achieve the 
goals (Weske, 2012). Processes are sometimes developed and implemented by the 
firms operating in the sector, or as the collective decision of firms under a union or 
association (Kast & Rosenzweig, 1972). In social systems, the processes are the 
policies developed and implemented by the government who control the market to 
ensure the economy is free of disorders (Cetin & Cerit, 2010). Likewise, in the rail 
system, processes mainly consist of operational practices, regulations, policy, 
marketing and training (Profillidis, 2014).  
According to the systems approach to competitiveness developed in Section 1.3.2, 
assets and process are the organisational capabilities that create the outputs. In this 
sense, the rail sector employs both tangible and intangible assets using the 
operational practices under certain regulations and policies to create a competitive 
freight transport service for the customers. However, in order to create the service, 
having competitive assets and processes are essential (Momaya, 1998). Assets and 
process are strongly interrelated (Rüfenacht, 2012). According to systems theory, the 
extent to which the assets and process of a system complement each other 
significantly influences the quality of the output (Berrien, 1976). By looking at the 
 23 
 
rail sector as a system, better utilisation of assets using processes and under certain 
regulations (such as safety and policy) potentially improves the quality of rail freight 
services. Consequently, the feedback from the customers and competing transport 
modes are systematically linked back to the rail sector for improvements 
(Richardson, 1999).  
In order to construct the underlying theory of the conceptual framework of this 
thesis, the systems approach was first adapted to the competitiveness concept in 
Section 1.3.2. This approach is beneficial to combining the input and process 
components of a system to organisational capabilities. In this section, the systems 
approach to competitiveness is applied to the rail sector. Figure 1.5 shows the 
conceptual framework of this thesis as the systems approach to competitiveness for 
the rail sector.  
  
Figure 1.5 Conceptual framework of thesis: a systems approach to 
competitiveness for the rail sector 
Source: Author 
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In the systems approach to competitiveness, the rail sector’s capabilities aim to create 
a competitive service in the non-bulk freight market. As shown in Figure 1.4, assets 
and processes as the capabilities are interacting and the feedback from the market is 
returned from the sector for improvement and decision making. This conceptual 
framework constructs the road map to study the competitiveness of the rail sector by 
identifying the impediments and evaluating their impacts on the output of the sector 
and to provide strategies to improve the freight service quality.  
1.4 RESEARCH QUESTIONS AND OBJECTIVES   
The main purpose of this research is to investigate strategies to improve the 
competitiveness of the rail sector in the Australian non-bulk freight market by 
identifying and evaluating the impediments that this sector is facing. Accordingly, 
the following research questions have been developed. 
The primary research question (PRQ): 
PRQ: What are the strategies to enhance the competitiveness of the Australian rail 
sector? 
According to the systems approach and conceptual framework of this thesis, the 
extent to which the rail sector’s capabilities satisfy the freight market demand 
determines its competitiveness. Therefore, to adequately explore the primary 
research question and investigate how the internal elements of the rail sector can be 
strengthened to better meet the market requirements, the following secondary 
research questions (SRQ) are also investigated: 
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SRQ 1: What are the impediments to the competitiveness of the rail sector in the 
Australian non-bulk freight market? 
SRQ 2: How important are the impediments against the performance of the rail 
sector from the view of the key stakeholders? 
SRQ 3: How is the competitiveness of the rail freight service affected by the current 
impediments? 
The SRQs in this thesis embraces the major part of empirical examination. 
Therefore, answering the above SRQs developed a better understanding of the poorly 
performing areas of the rail sector in Australia and consequently how the gap 
between customers’ requirements and the sector’s offering has been continuing to 
widen.  
As this thesis has been developed on a publication basis, the structure and findings 
developed progressively in discrete stages. After analysis of quantitative data and 
interpreting the responses of participants to the open-ended questions, the following 
question raised: 
“What areas of research require further investigation to better answer the PRQ?” 
These identified areas included (i) investigation of strategies for improved service 
reliability, (ii) analysis of rail operations from geographical and spatial context inr 
elation to service quality, (iii) the relationship of intermodal terminal operations and 
rail freight activity and (iv) position of rail as a transport mode in port-based 
container market. On the basis of the primary research question, the under-researched 
areas were transformed to four research objectives to be investigated as: 
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Obj1: Mathematically examine how the time-based attributes of the rail freight 
service quality can be improved. 
Obj2: Explore the rail sector from a transport geography context. 
Obj3: Investigate the role of intermodal terminals in the development of the 
non-bulk rail market. 
Obj4: Explore the current and future role of rail within Australian seaports. 
By meeting the above research questions and objectives, a set of comprehensive and 
integrated outcomes were achieved which are reported in the following chapters. The 
following section explains how these outcomes are presented within the structure of 
this thesis. Detailed discussion of the interrelationship between the objectives and 
secondary research questions and how they answer the primary research question in 
an integrated way is provided in Section 3.2. 
1.5 STRUCTURE OF THIS THESIS  
This thesis follows a publication-based approach. The structure of the thesis consists 
of four chapters and seven papers. This introductory chapter provided the 
background, research problem, theoretical framework, research questions and 
objectives of the study. The main literature review of this thesis is prepared as a 
paper (Paper I) and other relevant research areas are provided in Papers II to VII. 
Chapter one embraces the body of knowledge on multimodal transportation and 
competitiveness. Paper II covers the literature of transport policy in relation to 
promotion of rail in non-bulk markets. Paper III aims to address the literature of 
transport competitiveness and an analysis of the key factors influencing the choice of 
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transportation mode. Paper IV covers the body of knowledge related to the rail 
infrastructure and operational aspects of rail freight transport. Paper V provides a 
background on interoperability and geography of non-bulk freight transport. Paper 
VI includes the body of knowledge on intermodal terminals with a special focus on 
rail freight activity. Finally, paper VII comprises the literature of port and rail 
activity.  
Chapter Two details the research design and methodology used in this thesis. This 
involves explaining the unit of analysis, target population, sampling strategy, data 
collection instrument and the relevant administration process, pilot testing, data 
collection, and data analysis methods.  
Chapter Three presents a summary of the published papers and their link to the 
research questions and objectives. Chapter Four provides an integrated discussion of 
the discrete research papers and a general conclusion and recommendation in this 
context. Finally, the published papers are presented at the end of the thesis as 
appendices.  
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2.1 INTRODUCTION 
The previous chapter introduced the background of the research and its underlying 
theoretical approaches, and presented the research questions and objectives that 
direct this thesis. Since this thesis is structured on a publication basis, the required 
literature review was conducted by means of a systematic literature review (SLR) on 
the challenges facing the Australian rail sector (see Appendix A-1) and the body of 
knowledge required to investigate the research questions and objectives was 
summarised and presented in relevant publications (Paper II to Paper VII). This 
chapter presents the research methodology and research strategy adopted to address 
the research questions as well as other methods that were utilised to meet the 
research objectives.  
This chapter is structured as follows: Section 2.2 discusses the research philosophy 
and describes the research purpose and the unit of analysis. Section 2.3 presents the 
research design, including the need to use an SLR approach and filtering process. 
Section 2.4 presents the quantitative approach applied in this thesis, including the 
data collection method, instrument design, sampling strategy, survey data collection 
and data analysis. Section 2.5 presents other data collection and data analysis 
methods used to meet the research objectives, plus addresses the research questions 
and objectives presented in the relevant papers. The final section discusses the 
research quality of this thesis in terms of validity and reliability.  
2.2 RESEARCH PHILOSOPHY  
The research philosophy is a belief that leads to the nature and development of 
knowledge in the research process (Johnson et al., 2007; Creswell & Clark, 2011). 
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The choice of a research philosophy is central to identifying and evaluating the 
choice of research methodology and it assists researchers shape the way they 
undertake their research and influences the overall research process, including the 
selection of the research strategy and methods for data collection and analysis 
(Sakalayen, 2014). According to Tashakkori and Teddlie (2010), the selection of a 
research philosophy is heavily influenced by the practical purpose of the research.  
Creswell and Plano Clark (2011) state that four research philosophies exist: post-
positivism, constructivism, participatory and pragmatism. The post-positivism 
approach deals with cause-and-effect and is theory laden (Trochim, 2005). Therefore, 
they are mainly related to a quantitative approach (Wildemuth, 1993; Ryan, 2006). 
Constructivism theory deals with understanding phenomena. Constructivism theory 
is theory generated and is associated with a qualitative approach. A participatory 
paradigm focuses on a process of sequential reflection and action, with a focus on 
political issues and collaboration and is mainly associated with a qualitative approach 
(Cornwall & Jewkes, 1995). The pragmatism paradigm focuses on a problem to be 
resolved, the consequences of an action and is a good platform for mixed methods 
research strategies (Garner, 2015).  
This thesis adopts a post-positivism paradigm because it identifies the factors 
affecting rail competitiveness and examines them from a transport management 
perspective. The post-positivism paradigm focuses on the reported experience (for 
example surveys), sociological or psychological experiments (where the data must be 
inferred from other phenomena) and observed human behaviour as data (Dwivedi, 
2009). Post-positivism methodology is about the discovery of problems (Wildemuth, 
1993). Post-positivism researchers do not necessary solve the problems they set out 
 31 
 
to investigate. Research can answer questions and specify causes (problem solving). 
However, in the post-positivism approach, research can also be about problem 
setting, developing the right questions and this may lead to empirical research (Ryan, 
2006). The topic and research problem of this thesis is under-investigated, implying 
that a post-positivism approach is beneficial to discover the right way to formulate 
the problem and undertake the empirical research.  
As this research is in the area of business, it also accommodates the views of rail 
stakeholders. Therefore, considering the practical considerations of this research and 
the nature of the research questions, a post-positivism paradigm is adopted which is 
associated with a quantitative approach.   
2.2.1 Research purpose 
The increasing role of the rail sector in the Australian non-bulk freight market has 
been a focus point for the government and community. This was demonstrated in 
Chapter One where it was explained that relatively little academic research has been 
conducted on evaluating the competitiveness of the rail sector in a national context. 
The key reasons for rail’s declining share over the last three decades are well known 
to the freight industry (ARTC, 2015), with the major reasons being mainly the poor 
service levels (BITRE, 2009). Additionally, how the service attributes of the rail 
service are deteriorating demands further study. The benefits from greater 
involvement of the rail sector in the Australian non-bulk freight task is enormous 
(Deloitte Access Economics, 2011), but how the rail sector can facilitate integrated 
transport solutions which meet the requirements of the freight industry and play a 
more effective role in the growing freight market also demands further study. 
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Therefore, the purpose of this research is to evaluate the current challenges facing the 
Australian rail sector in providing a competitive freight service and to propose 
strategic recommendations for enhanced competitiveness.  
2.2.2 Unit of analysis  
According to Creswell (2012), one of the primary stages in the process of developing  
a quantitative research methodology is to identify the people and places the 
researcher plans to study. This starts by asking the question as to who can provide 
the information that will answer the quantitative research questions, and this 
determines the unit of analysis (Creswell, 2013). The research purpose and research 
questions will define the unit of analysis (Trochim, 2005; Sakalayen, 2014). As this 
thesis aims to investigate the competitiveness of the Australian non-bulk rail freight 
sector, the stakeholders that comprise this sector are the unit of analysis. This in turn 
requires careful identification and classification of rail stakeholders. As far as can be 
determined, the concept of rail stakeholders has not been developed before. 
The concept of rail stakeholders in this thesis is inspired by the port sector, mainly 
due to similarities in operations and governance (Everett, 2006).  The concept of 
stakeholders has been previously discussed in the port industry (Murphy et al., 1988). 
Notteboom and Winkelmans (2002) categorise port stakeholders as internal and 
external from a port authority perspective and address stakeholders’ impact on port 
operations and management.  
The operations of non-bulk rail freight involves the participation and collaboration of 
various supply chain actors, including above-rail operators, below-rail operators, 
intermodal terminal operators, ports and even the road sector as a competitor to rail. 
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Understanding the dynamics of this system requires looking at the rail sector as a 
system with all its organisational ties and not only one player, such as train operator, 
track manager, intermodal terminal operator or the regulator. Therefore, this research 
takes a broader view of rail stakeholders to include various interest groups within the 
rail sector and its operational environment. Inspired by the concept of port 
stakeholders by Notteboom and Winkelmans (2002), this thesis classifies rail freight 
stakeholders as being internal and external. This framework was adopted in this 
thesis mainly due to its straightforward application to the rail sector. This approach 
however, is not based on the geographical location of stakeholders, such as those 
used in Notteboom and Winkelmans (2002), but relies on the nature of their business 
in relation to rail freight operations. In this thesis, internal stakeholders are the 
entities directly involved in operations of freight trains, including above-rail 
operators, below-rail operators (track and signalling), intermodal terminal operators, 
and engineering/maintenance firms. The external rail stakeholders include ports, 
warehousing and logistics operators, coastal shipping, the road sector, regulatory 
entities, government (as the policy maker) and sector representatives. This thesis 
therefore, is the first to ground the concept of rail stakeholders. 
The Australian rail sector needs to operate commercially by providing a competitive 
freight service. However, the quality of the service is not only determined by the 
performance of train operators, but also by the extent to which collaboration exists 
across the supply chain. In other words, the overall efficiency of the rail sector is 
determined by the degree of collaboration between the internal and external 
stakeholders. To provide strategic recommendations to the rail sector, the 
involvement of all stakeholders from different levels is required. The concept of rail 
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stakeholders developed in this thesis was essential to providing recommendations 
which enhance the competitiveness of the entire sector and not a particular element 
or division.       
2.3 METHODOLOGY STRATEGY 
According to Saunders et al. (2011), research strategy is the overall research plan for 
answering the research questions. The research strategy in this thesis starts with a 
systematic literature review (SLR). As discussed in the previous sections, the 
literature on the impediments faced by the Australian rail sector was fragmented and 
therefore a more systematic approach is required in order to undertake further 
research. Thus, the research question of the SLR was developed during the primary 
literature review by identifying the gaps in the research and establishing a general 
view of the current impediments facing by the rail sector in Australia (discussed in 
Sections 1.1, 1.2 and 1.4). Meta-analysis was also performed from the results of the 
SLR (See Appendix A-1) to better interpret the collected information. The results of 
the SLR was then refined in order to remove any duplication and to achieve further 
clarification. The research questions of the quantitative part evolved from the results 
of the SLR and refining process. After data collection and analysis, results were 
interpreted to meet the main research purpose. Figure 2.1 presents the sequence of 
research strategy applied in this research. The research design for the quantitative 
stage of this thesis is discussed in Section 2.4.   
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Figure 2.1 Research strategy 
Source: Author 
2.3.1 The systematic literature review 
There has been increasing attention devoted to the systematic literature review in 
recent years (Kitchenham & Charters, 2007). Systematic reviews have gradually 
replaced the traditional narrative reviews (Kitchenham et al., 2009). According to 
Bryman and Bell (2011), two main reasons contribute to the emergence of systematic 
reviews. First, the traditional reviews demonstrate a lack of thoroughness as the 
researcher’s agenda is often unknown and biases exist in selecting and evaluating the 
literature (Pickering & Byrne, 2014). Second, recently in business fields, there has 
been a growing need towards evidence-based solutions. Kitchenham and Charters 
(2007, p.5) define the SLR as  ‘a means of evaluating and interpreting all available 
research relevant to a particular research question, topic area, or phenomenon of 
interest’. The SLR follows a well-defined methodology which offers bias-free results 
and the meta-analysis provides a comprehensive investigation that conventional 
literature reviews are unable to achieve (Brereton et al., 2007). According to 
Pickering and Byrne (2014), the SLR is more comprehensive than the traditional 
narrative style as it assesses which different combination of locations, subjects, 
variables and responses have been examined by researchers, what they have found 
and where are the gaps. Additionally, the SLR is explicit and reproducible as it 
 36 
 
follows a quantitative approach to survey the literature. In other words, similar 
results should be found if the procedure is repeated (Pickering & Byrne, 2014).  
Challenges arising from diverse views on impediments have led to a fragmented and 
biased rail transport policy-making direction which prevents the investment and 
improvement programs from targeting the weak parts of this important economic 
sector. As the topic of this thesis is a little explored area, the need for this SLR arose 
from the need to have an en masse and summarised picture of all reported 
impediments that the rail industry is facing. The SLR conducted in this thesis aimed 
to address the first secondary research question (SRQ1).  
Often, SLRs include a meta-analysis component which involves using statistical 
methods to synthesise the data gathered from several studies into a summary (Uman, 
2011). While many systematic reviews are based on an explicit quantitative meta-
analysis of available data, there are also qualitative reviews which adhere to the 
standards for gathering, analysing and reporting evidence (Thomas et al., 2004). The 
meta-analysis of this SLR follows a quantitative approach to better exploit and 
analyse the results.  
During the SLR process, 1081 studies on the Australian rail sector were identified. 
The search covered databases of the key transport, freight and rail organisations to 
ensure a comprehensive coverage. To select the studies most relevant to the research 
question, a tollgate criterion was then deployed with various filters, including 
publication date, relevancy to the non-bulk freight market and rail sector. For 
example, by reading the abstract, many studies were excluded as they were not 
focusing on the context of this thesis (focusing on passenger or bulk sectors for 
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example). The full details of tollgate criterion and filtering process is provided in 
Paper I (Table 1, Figures 3 and 4). By investigating the selected studies, 43 
impediments were identified by a structured data synthesis process (Table 2.1).  
In the SLR, citation frequency (CF) was used to demonstrate the importance of 
impeding factors from the view of the stakeholders. According to Garfield (1973), 
the citation frequency is a measure of research activity, or of communication about 
research activity. If a scientific phenomenon has been cited frequently, then it is 
likely to be of relatively high importance and this can demonstrate the impact of this 
particular issue on its discipline (Yang & Meho, 2006). Accordingly, the 
impediments have been ranked based on their citation frequency as an indicator of 
their importance to the rail sector. Paper I details the process of the SLR and the 
relevant meta-analysis from which the following factors were derived (Appendix A-
1).  
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Table 2.1 Impediments identified from the SLR 
# Impediments 
Citation 
frequency 
I1 Inconsistent access charging policies between road and rail 24 
I2 Restricted use of infrastructure and inadequate infrastructure base 21 
I3 Shortage of reliable data on rail freight and poor information sharing/access 18 
I4 Track and terminal congestion 18 
I5 Lack of investing, financing and subsidising policies in the  non-bulk sector 17 
I6 Complex and uncertain interaction between different levels of government in rail transport 
policy 
14 
I7 Inefficient and poor terminal design 14 
I8 Exclusion of full cost of externalities from pricing systems 13 
I9 Lack of long-term mechanism  to support rail from different levels of government 12 
I10 Lack of common vision on intermodal freight and inactive role of government as 
coordinator 
12 
I11 Inefficient terminal operation 12 
I12 Shortage of skilled human resource and low educational factors 12 
I13 Passenger priority policies in shared network 11 
I14 Rail sector is over-regulated (excessive bureaucracy) 11 
I15 Poor communication and adversarial relationships between infrastructure providers and 
modes in the network such as terminals 
11 
I16 Lack of national rail safety regulations and standards 10 
I17 Unavailability of terminal space and access to land 10 
I18 Diverse demand and growth patterns and low volumes in regional areas 9 
I19 Different pallet and container type and size 9 
I20 Inadequacy of productive improvement initiatives for public awareness of  rail benefits 8 
I21 Slow technology take up in rail industry 8 
I22 Low track quality 8 
I23 Fragmented and disjointed nature of the rail infrastructure - different gauges 8 
I24 Inconsistent public-private partnership policies 7 
I25 Lack of national rail operation regulations and standards 7 
I26 High and inconsistent terminal charges 6 
I27 Inability of rail to provide a single-mode door-to-door service and lack of coordination 
between road and rail  
6 
I28 Lack of passing loops, passing  lanes and train storages 6 
I29 Insufficient signalling facility 6 
I30 Uncertainty about capacity for growth 5 
I31 Shortage of rolling stocks and old locomotives 5 
I32 Poor inter-operability between above and below rail and between road and rail 5 
I33 Monopolistic behaviour of infrastructure owners and operator 4 
I34 Lack of integrated supply chain thinking in rail industry 4 
I35 Single tracking of the network in many parts 4 
I36 Poor history of rail industry performance(reputation) 4 
I37 Poor distribution systems 4 
I38 Diverse management of infrastructure 4 
I39 Weak maintenance systems and practice 3 
I40 Little control over the shipping lines 3 
I41 Poor customer relationship management in rail industry 3 
I42 Immobility of above rail infrastructure 2 
I43 Power of unions which influence on productivity 1 
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2.3.2 Refinement of the SLR findings 
The information collected from the SLR is the input for designing the quantitative 
research approach of this research. However, what has been collected from the 
literature does not guarantee a bias-free output (Collier & Mahoney, 1996; Popay et 
al., 1998). Therefore, in this part, various levels of analysis were conducted to 
provide a quality input for the quantitative stage. The sequence of this refinement 
included a thematic analysis, cause-and-effect analysis and clarification, each of 
which will be discussed in detail.  Since the impediments identified in the SLR stage 
were collected from various sources, it was possible that a single impediment had 
been reported in different contexts. In order to identify these factors, a thematic 
analysis was conducted. Thematic analysis is one of the basic forms of categorisation 
strategies in qualitative research (Boyatzis, 1998; Vaismoradi et al., 2013). Thematic 
analysis is a powerful tool that helps researchers to identify patterns and develop 
themes (Tuckett, 2005; Braun & Clarke, 2006). Thematic analysis is the process of 
encoding qualitative data for many kinds of purposes, including approaches to detect 
similar themes (Boyatzis, 1998).  
The purpose of the thematic analysis used in this stage is to identify the similarities 
among the reported impediments. Using thematic analysis, factors delivering similar 
meaning are clustered into one group. As the result of the thematic similarity 
analysis, five groups of factors were identified. The impediments with similar 
content were clustered in one group and a temporary code was assigned. For 
example, I6 (Complex and uncertain interaction between different levels of 
government in rail transport policy) is centred on a lack of common vision from 
government in the non-bulk rail freight sector. Simultaneously, I10 (Lack of common 
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vision on intermodal freight and inactive role of government as coordinator) was 
grouped under the same category. This process reduced the number of impediments 
by ten to 33 items. Table 2.2 presents the result of thematic similarity analysis and 
clustering.  
Table 2.2 Summary of thematic similarity analysis  
Group Cluster Theme New code 
1 I5, I9, I20 Lack of support from government IT1 
2 I6, I10 
Lack of common vision from 
government  
IT2 
3 I7, I17 Shortage of terminal infrastructure IT3 
4 I15, I33, I40 Poor relationships between players IT4 
5 I22, I23, I28, I29, I35 Shortage of below rail infrastructure IT5 
 
Once the similar impediments are grouped in to a single factor, the next stage is to 
deal with the impediments that are the results of other impediments. Reflecting the 
post-positivism philosophy applied in this research (which focuses on the reported 
experience), if a cause impediment is removed the resultant impediment will be 
resolved. In other words, reporting both factors is repetition. To apply this approach, 
cause-and-effect analysis is conducted in this stage. Cause-and-effect analysis or the 
Ishikawa diagram is a powerful tool to identify the possible causes of a problem 
(Arvanitoyannis & Varzakas, 2007). While several quantitative tools have been 
developed to map cause-and-effect relationships, some are purely qualitative (Kenett, 
2007).  
In this stage, the effect impediment(s) is grouped under the cause impediment. For 
example, I16 (Lack of national rail safety regulations and standards) and I39 (Weak 
maintenance systems and practice) are the result of I25 (Lack of national rail 
operation regulations and standards). Cause-and-effect analysis reduced the number 
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of impediment by seven to 26. Table 2.3 presents the summary of the cause-and-
effect analysis.  
Table 2.3 Summary of the cause-and-effect analysis  
Effect impediment(s) Cause Cause impediment 
Imp2, Imp4, Imp13, Imp42 
Shortage of below rail 
infrastructure 
IT1 
Imp16, Imp39 
Lack of national rail 
operation standards 
Imp25 
Imp1 Exclusion of externalities Imp8 
 
It is critical to make sure the input for the quantitative stage is free of misperception, 
meaning that questions must be clear enough to address one idea at a time (Litwak, 
1956). Sometimes researchers may want to add together multiple questions into a 
single question to keep the questionnaire short. However, this can lead to double-
barrelled questions which confuse the survey participants and create unreliable and 
biased results (Bassili & Scott, 1996). To avoid this, in this stage a careful review is 
conducted to remove any possible double-barrelled impediments from the list and 
improve clarification. As a result of this clarification, I3 (Shortage of reliable data on 
rail freight and poor information sharing/access) was observed as a double-barrelled 
impediment. Availability of reliable data is essential to making transport policy 
decisions and operational strategies (TRB, 2003). Shortage of reliable data can result 
from a lack of statistical methods and data collection systems to collect and measure 
freight activity. However, poor information sharing and access is caused if an 
appropriate information technology system does not exist to link different players in 
the freight market (CSIRO, 2005). For this reason, I3 is broken into two impediments 
(ID1 and ID2) to avoid confusion for the survey participants. This stage increased the 
number of impediments to 27.  
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Once the impediments are finalised in terms of content, the quality of the 
questionnaire text is polished to make sure participants understand the questions 
easily. This not only helps to achieve reliable data, it also keeps the questionnaire 
shorter. The result of the final impediments list with new coding is presented in 
Table 2.4.  
Table 2.4 Final table of impediments  
Former 
code 
Impediment 
New 
code 
IT1 Inadequate below rail infrastructure base (such as tracks and  
signalling) 
Imp1 
IT2 Inadequate intermodal terminal infrastructure Imp2 
Imp31 Shortage of above rail infrastructure such as rolling stocks and 
locomotives 
Imp3 
Imp27 Inability of rail to provide a single-mode door-to-door service  Imp4 
Imp32 Poor inter-operability between different players in the non-bulk 
freight market 
Imp5 
Imp25 Lack of national rail operations standards Imp6 
Imp37 Poor freight distribution systems Imp7 
Imp19 Different types of pallets and containers  Imp8 
Imp26 High terminal charges Imp9 
Imp11 Inefficient terminal operations Imp10 
Imp38 Diverse management of infrastructure Imp11 
Imp8 Inconsistent charging policies between road and rail for accessing 
their infrastructure  
Imp12 
IT5 Lack of a common vision for the non-bulk rail freight sector between 
different levels of government 
Imp13 
IT3 Lack of support from different levels of government for the non-bulk 
rail freight sector 
Imp14 
Imp24 Inconsistent public-private partnership policies Imp15 
Imp30 Uncertainty about capacity for growth Imp16 
Imp18 Diverse demand and growth patterns  Imp17 
ID1 Shortage of reliable data on rail freight   Imp18 
ID2 Poor information sharing and access in the non-bulk rail industry Imp19 
Imp12 Shortage of skilled human resources Imp20 
Imp14 Over-regulation of the rail sector  Imp21 
Imp21 Slow adoption of technology in the rail industry Imp22 
Imp34 Lack of integrated supply chain thinking in the rail industry Imp23 
Imp36 Poor performance history of the rail industry Imp24 
Imp41 Poor customer relationship management in the rail industry Imp25 
Imp43 Trade union influence on productivity Imp26 
IT4 Adversarial relationships between players in the non-bulk freight 
sector 
Imp27 
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Figure 2.2 summarises the refinement process in different stages with the relevant 
changes in the number of impediments. Appendix B provides the summary of this 
refinement process.  
  
 
Figure 2.2 Summary of refinement process of impediments 
Source: Author 
As the topic of this research is little explored, the SLR found a lack of academic 
literature on the impediments faced by the Australian rail sector. Despite various 
concerns that the government and industry have on this important economic sector, 
no national study was identified that systematically explores the key impeding areas 
against competitiveness of the rail sector. For this reason, a SLR was essential to 
accommodating and exploring various aspects of this topic. As the identified factors 
from the SLR were generated by different stakeholders, refinement was central to 
creating consistency. Without the refinement process, developing a bias-free and 
easy-to-understand input for the quantitative stage was unlikely to be achieved. 
Using the SLR, the SRQ1 was answered by identifying the impediments to the 
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competitiveness of the Australian rail sector. The result of the input was 
consequently used to develop the quantitative research method and in particular, the 
questionnaire. The following section discusses the quantitative approach adopted in 
this thesis to answer the remaining secondary research questions (SRQ2 and SRQ3).  
2.4 QUANTITATIVE RESEARCH DESIGN 
Easterby-Smith et al. (1991, p. 21) define the research design as the ‘overall 
configuration of a piece of research’. The development of the research design is 
considered the most challenging part of conducting research as it provides the 
roadmap for the practical parts of the research (Yin, 2009). The research design is 
responsible for guiding the ethical considerations, constructing the sampling 
strategies, and directing the data analysis and collection in order to answer the 
research questions (Cooper & Schindler, 2003; Creswell & Clark, 2011).  
This section presents the different stages undertaken to collect and analyse the 
quantitative data required to answer SRQ2 and SRQ3. This section includes 
justifying the data collection method, instrument design and transformation, 
sampling strategy, data collection and data analysis.  
2.4.1 Data collection method 
Data collection methods are heavily influenced by the types of information needed 
(Yin, 2009). Two models exist to gather primary data where: (i) the researcher 
observes conditions, behaviour, events, people or processes, and (ii) the researcher 
communicates with people about various topics, including the participant’s attitude 
about a particular topic (Cooper & Schindler, 2003). This research focuses on 
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surveying the attitudes of different stakeholders on a range of factors impacting on 
the competitiveness of the rail sector in Australia. Therefore, a communicative 
approach is suitable for this research to investigate the view of stakeholders on the 
impeding factors. The collection of data to address this implication is through a 
survey instrument, mainly because it is capable of collecting data from a large 
number of respondents (Blair et al., 2013) scattered throughout a vast geographical 
area (Rossi et al., 2013) in a cost-effective manner (Bethlehem & Biffignandi, 2011).  
There are two major forms of surveys: cross-sectional and longitudinal (Rindfleisch 
et al., 2008). In a cross-sectional survey design, the researcher collects data at one 
point in time. Cross-sectional surveys include: examining current attitudes and 
understanding practices, comparing two or more educational groups, measuring 
community needs, evaluating a program and national survey (Creswell, 2012). Cross-
sectional surveys are popular data collection tools for researchers in the business 
management discipline to collect the view of people on a particular phenomenon 
(Rosenberg et al., 2012; Dimairo et al., 2015). This type of survey enables the 
researcher to explore a phenomenon at a point of time (Rindfleisch et al., 2008). In 
other words, this approach provides insights on the attitude and behaviour of 
participants towards a situation at one particular time. Reflecting the purpose of this 
research, a cross-sectional survey is used to examine the current impediments facing 
the Australian rail sector from the view of key stakeholders.  
Although several types of surveys exist, researchers typically collect data through 
either questionnaire or interview (Cooper & Schindler, 2003). To choose between a 
questionnaire and interview, the researcher must answer the question of who 
completes or records the data on the instrument: the participant or the researcher 
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(Creswell, 2012). As rail stakeholders are located across the country, conducting 
interviews was not possible, mainly due to the practical considerations of time, cost 
and logistics of accessing interviewees. Therefore, a self-administrated questionnaire 
was selected to effectively reach the target population and increase the response rate 
(Labonté et al., 2012).   
In order to increase both the sample size and response rate, an electronic 
questionnaire method was selected for the data collection (Simsek & Veiga, 2001; 
Ahern, 2005). This decision was influenced by two major reasons: (i) convenience 
and fast distribution of the instrument among target population and (ii) to remove the 
risk that individuals decide not to return the instrument (Fricker, 2008; Bethlehem & 
Biffignandi, 2011). A key issue for the success of web-based surveys is the internet 
coverage. According to the Australian Bureau of Statistics, there were approximately 
12.8 million internet subscribers in Australia at the end of June 2015 (ABS, 2015). 
This explains the facility for wide coverage and fast internet access for the Australian 
rail stakeholders contacted in this thesis. The discussion related to the online survey 
platform and pilot testing is presented in Section 2.4.2.   
Sampling control during data collection is also an important measure as it provides a 
clear understanding of sample size and it controls false identities, which is common 
in web-based surveys (Simsek & Veiga, 2001). According to Bethlehem and 
Biffignandi (2011), the application of stratified sampling (adapted in this thesis) for 
web-based surveys is practical to gain more control over sampling process.  
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2.4.2 Instrument design  
Research on self-administrated surveys (Labonté et al., 2012; Christensen et al., 
2013) suggest that the design of the instrument is extremely important in reducing 
biased answers from respondents (Couper et al., 2001). Designing a questionnaire 
instrument is a challenging and complex task as it should first be considered whether 
a survey instrument is valid and reliable to measure variables (Creswell, 2012). 
Moreover, the instrument should be developed into a logical, clear way that flows 
easily and keeps the respondent motivated to continue the survey (Baruch & Holtom, 
2008).  
The development of the questionnaire started with revisiting SRQ2 and SRQ3 to 
transform the general research questions into specific measurement questions 
(Cooper & Schindler, 2003). The transformation process depends on the type of data 
required to answer the research question. The type of data also determines the 
analytical procedures that must be performed during data collection and analysis 
(Sudman & Bradburn, 1983). 
The aim of SRQ2 was to examine the importance of the impediments against the 
performance of the rail sector from the view of the key stakeholders. In order to 
measure the attitude of stakeholders to the impediments, interval data using Likert 
scale was used. Use of interval data is essential here to measure the difference 
between two values (Miller & Yang, 1997). The Likert scale is a useful tool for 
measuring interval data (Cooper & Schindler, 2003). To answer SRQ2, a seven point 
Likert scale of level of importance (Vagias, 2006) was used to gain a more 
comparable data for the statistical analysis (Gil & González-Rodríguez, 2012). The 
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details of data collection method for SRQ2 is provided in Paper II (see Appendix A-
2). 
The third secondary research question (SRQ3) investigates the impact of 
impediments on the abovementioned FSAs. As discussed in Section 1.3.3, the 
competitiveness of a freight service is determined from various monetary and non-
monetary FSA. In this thesis, these include freight rate, transit time, service 
reliability and service availability. Therefore, it was critical to provide a scale for the 
participants to express their view on the relationships between the impediments and 
FSAs. Therefore, a five point Likert scale of level of influence (Vagias, 2006) was 
used to measure this relationship. This decision to use a five point scale for SRQ3 
was made mainly because it provides a faster response time and easier rating by the 
respondents. The details of data collection method for SRQ3 is provided in Paper II 
(see Appendix A-3)  
In order to fully exploit the research questions, collect supporting information, 
develop a logical survey flow and ensure reliability of data collection with a high 
response rate, an in-depth questionnaire was developed using both structured and 
unstructured questions in seven parts, each of which were designed to meet a 
particular research deliverable: 
1. Information sheet 
2. Consent section 
3. Information on organisations’ profile (Part A) 
4. Organisational decision making and freight service attributes (Part B) 
5. Importance of impediments from the perspectives of stakeholders (Part C) 
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6. Assessing the influence of impediments on the service attributes (Part D) 
7. Open-ended questions (Part E) 
8. Respondent’s profile (Part F) 
To obtain ethics approval for social science research at the University of Tasmania, it 
is obligatory to provide an information sheet and consent form to the participants 
prior to data collection. The National Statement on Ethical Conduct provides ethics 
guidelines for any research involving human participants (Australian Government, 
2007). This research was approved by this authority with its ethics reference number 
being H0014314 (Appendix D).  
Therefore, these forms were provided in the beginning of the questionnaire. Table 
2.5 summaries the type of data, measurement approach, question structure and their 
relation to the research questions.  
Table 2.5 Summary of instrument parts 
Part 
Number 
of 
questions 
Type of data 
Measurement 
approach 
Question 
structure 
Relation to 
RQ 
Part A 1 Nominal
* 
- Structured 
Supporting 
information 
Part B 4 Interval Formative Structured 
Supporting 
information 
Part C 28 Interval Formative Structured RQ2 and Obj4 
Part D 124 Interval Formative Structured RQ3 
Part E 6 Descriptive Thematic Unstructured 
RQ2, RQ3 and 
Obj4 
Part F 4 Nominal - Structured 
Supporting 
information 
*Nominal data in this research provides supporting information and no measurement 
analysis was conducted on them.  
The paper-based version of the final questionnaire is provided in the appendices 
(Appendix C). 
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2.4.2.1 Transformation of instrument into the online platform 
Typically, there are two forms of communication instruments: paper-based (mailed 
questionnaire) and electronic questionnaire (Simsek & Veiga, 2000). With increased 
access to the internet, an electronic form of questionnaire is becoming popular 
between academia and industry (Andrews et al., 2003). Electronic surveys are faster 
compared to mail surveys and the costs associated with distribution of surveys and 
preparation of data for analysis are much lower with the electronically delivered 
surveys (Shannon & Bradshaw, 2002). According to Crawford et al. (2005), 
navigation through the survey should be consistent throughout the survey and should 
be based upon action buttons which are different to any other response input element. 
In this research, SurveyMonkey was employed due to several reasons, including easy 
question creation and adaptability to the design limitations, integration with the 
Statistical Package for Social Science (SPSS) for data analysis and being user-
friendly for both researcher and respondents.  
2.4.2.2 Instrument pilot testing and revision  
Cooper and Schindler  (2003) suggest the use of pilot testing to avoid potential errors 
in the final instrument. This stage helps to determine if the respondents in the target 
sample are capable of completing the survey and that they can understand the 
questions (Blair et al., 2013; Rossi et al., 2013). Consequently, changes will be made 
on different parts of the instrument based on the feedback received from the pilot 
testing. Pilot testing of the survey used in this thesis was conducted at three levels of 
professional, academic and multimedia to provide error-free and smooth instrument.    
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The first stage involved a group of eight individuals with a logistics and 
transportation background from both academic and industry sectors to evaluate the 
technical information provided in the survey. To execute the second round of pilot 
testing, six academics were involved from the Department of Maritime and Logistics 
Management at the Australian Maritime College, an institute of the University of 
Tasmania and SMART Infrastructure Facility from the University of Wollongong. 
The individuals participating in this stage all have logistics, transportation, transport 
policy or infrastructure planning backgrounds. The third phase was conducted after 
transformation of the paper-based instrument onto the online platform. After the 
transformation process, one multimedia professional was contacted from the 
University of Tasmania to assess the user friendliness of the web-based survey. After 
careful consideration, the constructive comments were applied to the final instrument 
before distribution among participants.  
2.4.3 Sampling strategy 
In social science, sampling is the procedure of choosing units (people or 
organisations for example) from a population of interest. By investigating the 
sample, the researcher may fairly generalise the results back to the population 
(Trochim, 2005). Therefore, for many research explorations the need to sample is 
one that is almost invariably encountered in quantitative research (Bryman & Bell, 
2011). According to Wilkinson (1999), a sampling procedure must be carefully 
conducted to represent the entire population.  
Two main sampling approaches exist: probability and nonprobability sampling 
(Fricker, 2008). The decision of choosing a sampling approach depends on the 
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amount of accuracy that researchers seek for their studies (Daniel, 2011). Simple 
random sampling is the most basic type of probability sampling. In this approach the 
participants are selected for the sample in such way that every unit from the sample 
has an equal probability of being selected from the population (Rao et al., 1962). 
However, this method is often impractical as (1) it requires a complete population 
list; (2) it fails to employ all the information about a population; and (3) is costly in 
terms of money and time (Cooper & Schindler, 2003). 
In probability sampling, the researcher selects units from the entire population who 
are representative of the population. Therefore any bias in the population will be 
equally distributed among the individuals chosen to take part in the survey (Cooper 
& Schindler, 2003). This is one of the most rigorous type of sampling approaches in 
quantitative research because the investigator can claim that the sample is 
representative of the population and, as such, can make inferential generalisations to 
the population (Creswell, 2012). Stratified sampling is a type of probability sampling 
which is more economical and provides a desired precision (Fricker, 2008). In 
stratified sampling, the population is divided into characteristics of importance in the 
research called strata. Accordingly, the population is randomly sampled within each 
stratum (Collins et al., 2007).   
According to Couper (2011), a list-based stratified sampling approach can be used 
for high coverage and to obtain more control over the sample, especially when the 
participants are distributed throughout a vast geographical area. List-based stratified 
sampling is more accurate than simple random sampling, and it generates a more 
representative sample with respect to each stratum. Therefore, to obtain homogenous 
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sub-groups (Collins et al., 2007) and capture the special elements of each stratum, a 
list-based (Fricker, 2008) stratified sampling strategy was employed in this research.  
The individuals targeted in this research were the stakeholders of the Australian non-
bulk rail freight sector. The population was comprised of internal rail stakeholders 
who are directly involved in operations of freight trains and the external rail 
stakeholders (also called supporting rail stakeholders), whose involvement is 
necessary for the rail sector to remain operational in the freight market (as discussed 
in Section 2.2.2).   
The rail stakeholders were divided into the following two strata to ensure better 
control over the representing sample: 
 Stratum 1: internal rail stakeholders, including above-rail operators, below-
rail operators (track and signalling), intermodal terminal operators, and 
consultation/engineering/maintenance firms.  
 Stratum 2: external stakeholders, including ports, warehousing and logistics 
operators, coastal shipping, the road sector, regulatory entities, government 
(as the policy maker) and sector representatives. 
In order to ensure an optimum representative sample, these two strata were not 
overlapping in terms of operations and the individuals within the groups are 
homogeneous (Bethlehem & Biffignandi, 2011; Sakalayen, 2014). As the sample for 
this thesis is diverse and distributed over a wide geographical area, it is essential to 
establish a sampling frame. Various sources were used to establish the sampling 
frame. These sources mainly included the following major rail and freight related 
directories:  
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 The Australian Rail Directory (www.raildirectory.com.au) 
 Industry Capability Network Gateway (www.rail.icn.org.au) 
 Rail Page Australia (www.railpage.com.au)  
 Australian Government Directory (www.directory.gov.au) 
 BITRE (www.bitre.gov.au)  
 Companies’ websites 
 Company360 (www.company360.com.au)  
The detailed process of establishing the sampling frame for each stratum is explained 
in the following sections.  
2.4.3.1 Internal stakeholder stratum 
For the internal stakeholders, operations managers were targeted. The operations 
manager coordinate, manage and monitor the operations of an organisation. 
Additionally, they are the people most involved in decision making and capable of 
understanding the logistical considerations of rail operations. Therefore, operations 
managers are the appropriate people to participate in the survey in terms of 
knowledge and experience.  
1) Above rail operators 
Due to the importance of above-rail operations and to establish a national 
understanding of the impediments, a State-based approach was taken. In this 
approach the above-rail operators and their operating branches in all the Australian 
States and territories were included in this stratum. This equated to 51 potential 
respondents.  
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2) Below rail operators 
Below rail operators are responsible for the management and operations of 
Australia’s railway system, including the tracks. The Australian Rail Directory 
provides a comprehensive list of the below-rail operators, including the interstate, 
intrastate and port-based sections. This sample equated to 14 potential respondents.  
3) Intermodal terminal operators 
Intermodal terminals play an important role in the non-bulk freight market by being 
the points of exchange and creating integration between different transport modes 
(Corry & Kozan, 2006).  For this group, a rigorous web search was conducted to 
identify the total population size. A total of 46 intermodal terminal facilities were 
identified, ranging from small regional (intrastate) intermodal terminals to large port-
based terminals with operations stretching across the globe. Although some of these 
facilities belong to or are managed by one operator, they face different challenges 
(such as different container and gauge size) across the nation. 
4) Consultation/engineering/maintenance firms 
The operations of rail are complex and require a high level of engagement from 
various actors involved in designing and maintaining infrastructure and other 
supporting systems. For this list, eight participants were selected from each category 
of consultation, engineering and maintenance (24 in total). The participants were 
chosen based on companies with the highest revenue. In order to identify the top 
eight high-revenue firms, Company360 was used as it is the most in-depth business 
information search engine on Australia’s leading 50,000 private and public 
companies (Company360, 2014).  
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2.4.3.2 External stakeholders stratum 
Selecting respondents for the external stakeholder stratum is more complex than the 
internal stakeholder stratum mainly due to the diversity of their business focus. In 
alignment with the internal stakeholder stratum, operations managers were selected 
from those organisations whose core business is linked to freight operations (freight 
forwarders, road haulage, coastal shipping, warehousing and third-party logistics 
providers and port authorities). For the stakeholders involved in making regulations 
and policy, senior managers with influence on the rail sector were selected.  
1) Freight forwarders 
Freight forwarders play an important role in ensuring the smooth and safe delivery of 
goods across the supply chains in Australia (Shipping Australia, 2011). Their role is 
even more prominent in the non-bulk market where integration between different 
transport modes is critical. For this category the top 30 high-revenue freight 
forwarders were identified from the Company360 website. A rigorous search of the 
potential freight forwarders websites resulted in 13 respondents being excluded as 
they did not have any direct business with the rail sector, thus reducing the sample 
size to 17.  
2) Road haulage 
The number of players in the road sector is large, mainly due to the low amount of 
investment required to enter the market (BITRE, 2009). This category was studied as 
the competitive behaviour of the road to rail could heavily impact the survey results. 
Therefore, the ten largest national road operators were selected based on their 
revenue and their daily business with the rail sector.  
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3) Coastal shipping 
For this list, four coastal shipping companies are actively involved in the Australian 
non-bulk freight market. These companies were identified and contacted. The 
operational area of these companies is mainly limited to carrying goods between Port 
of Melbourne and Australia’s island State, Tasmania.  
 
4) Warehousing and value-adding logistics service 
The number of third-party logistics operators (such as warehousing operators) 
involved in the non-bulk freight task is large. After a web search, two operators were 
identified with facilities within an intermodal terminal with involvement in terminal 
handling operations. These operators are capable to participate in the survey and to 
evaluate the impediments.  
5) Regulatory, advisory and policy maker 
Governments express their views through different channels such as their statutory 
bodies. These entities are responsible for developing transport policy, establishing 
regulations and providing advice in the rail sector. Therefore, they play an important 
supporting role in the efficient operations of the rail sector. The stakeholders 
involved in this stratum can be categorised as follows:  
- Transport and freight-related bodies 
- Infrastructure-related organisations 
- Trade and commerce-related entities 
- Regulatory and safety-related organisations 
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- Government research and consultancies 
Some of the stakeholders are federal organisations, while in some States, various 
organisations developed over time resulting in them having a growing influence on 
rail policy and regulation. After a search for these stakeholders, the process resulted 
in 28 potential participants. This number shows the full sample size of this list. 
Knowledge about rail operations was a critical factor when developing this list.  
6) Rail sector representative  
There are also representative bodies of the rail industry in Australia. These entities 
are actively involved with government in the development of rail policy to ensure the 
industry’s opinions are represented. Therefore, their views are considered valuable 
for this research. After a search, four representatives were identified as being suitable 
to participate in the survey.  
7) Port authorities 
The operation of rail is extended into ports. In other words, ports are considered as 
key external rail stakeholders. The relationship between rail and ports can be defined 
in (i) terminal handling and (ii) below-rail operations. After searching the website of 
the Australian ports, 13 ports with intermodal activity were selected to participate in 
this research.  
The rationale applied for establishing the sampling frame and participant selection 
was the likelihood that selected organisations would have people to provide reliable 
information, accessibility and willingness to participate and finally to avoid 
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collecting biased data (Creswell & Clark, 2011; Sakalayen, 2014). Table 2.6 shows 
the number of identified respondents for each list.  
Table 2.6 Summary of list-based sampling 
Sector 
Sector 
participants  
Population of sector 
response 
Above-rail operation 51 24 
Below-rail operation 14 6.6 
Intermodal terminal operation 46 21.6 
Consultation and engineering 24 11.3 
Freight forwarding 17 8 
Road haulage 10 4.7 
Coastal shipping 4 1.8 
Warehousing and logistics 2 1 
Regulatory 28 13.1 
Representative 4 1.8 
Ports 13 6.1 
Total 213 100% 
2.4.4 Data collection 
Two recruitment methods were used for the data collection. First, an email was sent 
to the participants whose email address and position were available from the 
organisation’s website. The email invited them to participate in the study. As an 
incentive, a previous conference publication was provided (a short version of Paper 
IV), as well as a summary report of the findings (upon the participant’s request). The 
invitation email also contained a participant information sheet and the opportunity to 
provide consent was provided at the beginning of the online survey. The email 
invitation also provided the link to access the survey.  
The second approach was used for the participants whose email address was not 
publicly available. In this method, the participant’s LinkedIn profile was identified. 
Professionals are increasingly using LinkedIn to liaise with one another and share 
vital business connections in their respective industries (McCorkindale & DiStaso, 
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2014). This provides an excellent opportunity for researchers to increase the response 
rate by identifying and reaching potential respondents. After identifying the 
respondents, a short invitation message was then sent through a private message with 
the link to the survey.  
In order to increase the response rate, two reminder emails were also sent at ten-day 
and 20-day intervals following the first invitation. As the survey was anonymous the 
reminder emails were sent to all the participants. Data collection started on 17 
August 2014 by sending the invitation email to the identified participant and ended 
on 17 September 2014 by closing the survey. The detailed response rate and 
descriptive statistics of the survey for SRQ2 and SRQ3 are provided as Paper II and 
Paper III (Appendix A-2 and A-3 respectively).  
2.4.5 Response rate 
As discussed in Section 2.4.2, Part C of the survey was responsible for providing 
answers to SRQ2, while Part D was designed to answer SRQ3. Part D included more 
technical questions which required specific knowledge on rail management and 
operations. Therefore, respondents without the essential knowledge and expertise 
could skip this part and proceed to the next sections of the survey. Accordingly, 
different sample sizes were developed from Part C and Part D. Part E of the survey 
was also designed to explore the role of rail in the Australian port-based market 
(Obj4). Table 2.7 presents the response rate for each part relevant to SRQ2, SRQ3 
and Obj4.  
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Table 2.7 Summary of survey response rate 
Survey 
section 
Participant  
sample 
Number of 
Respondents  
Response 
rate  
Contribution 
Part C 200 84 42.2 SRQ2 
Part D 200 66 33 SRQ3 
Part E 13 9 69.2 Obj4 
The details of the response rate for each part of the questionnaire are presented as 
Table 2.8 and Table 2.9 in below.  
Table 2.8 The profile of response rate in Paper II 
Sector 
Sector 
participants  
Sector 
respondents  
Response 
rate  
Sector response 
portion 
Regulatory and policy 
making 
28 18 64.3 21.4 
Above-rail operation 51 18 35.3 21.4 
Terminal operation 46 13 28 15.4 
Consultation and 
engineering 
24 12 50 14.3 
Freight forwarding 17 10 59 12 
Below-rail operation 14 7 50 8.3 
Coastal shipping 4 2 50 2.4 
Representative 4 2 50 2.4 
Road haulage 10 1 1 1.2 
Warehousing and logistics 2 1 50 1.2 
Total 200 84 - 100 
 
Table 2.9 The profile of response rate in Paper III 
Sector 
Sector 
participants  
Sector 
respondents  
Response 
rate  
Sector response 
portion 
Regulatory and policy 
making 
28 14 50 21.3 
Above-rail operation 51 15 29.4 22.8 
Terminal operation 46 10 21.8 15.1 
Consultation and 
engineering 
24 10 41.6 15.2 
Freight forwarding 17 7 41.2 10.6 
Below-rail operation 14 5 35.7 7.5 
Coastal shipping 4 2 50 3 
Representative 4 1 25 1.5 
Road haulage 10 1 10 1.5 
Warehousing and logistics 2 1 50 1.5 
Total 200 66 - 100 
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2.4.6 Data collection consideration and limitations 
The data collection of this thesis was designed to ensure the anonymity of the 
respondents. While anonymous surveys have numerous advantages, they may also 
trigger biased responses from participants (Bryman & Bell, 2011). The decision to 
use anonymous survey was made to promote a greater response rate, practical 
considerations of this research (focusing on a narrow specialist population for 
example) and experience gained from the pilot testing. In order to minimise the risk 
of biased responses, various strategies were implemented. First, the selection of 
participants was undertaken. Basic information about potential participants was 
collected to make sure the person is knowledgeable and experienced in the field. 
Accordingly, a relevant manuscript (conference version of Paper IV) published by 
the candidate was attached to the invitation letter to motivate the participant.  
2.4.7 Data analysis  
Data analysis in this research consisted of examining, categorising, tabulating and 
testing the collected data to address the initial propositions of the study (Yin, 2010).  
A mixture of descriptive and analytical statistical methods was used to address the 
remaining secondary research questions. This section provides a brief discussion of 
the data analysis approaches used to address SRQ2 and SRQ3. The detailed analysis 
is provided in Paper II (Appendix A-2) and Paper III (Appendix A-3) respectively.  
The data analysis for SRQ2 includes descriptive statistical analysis and inferential 
statistical tests. The inferential approach comprises an exploratory factor analysis 
(EFA), followed by a confirmatory factor analysis (CFA) (Curran et al., 1996; 
Markus, 2012). The use of both EFA and CFA is preferred as it enables an effective 
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approach to identifying and analysing the underlying factors from many variables 
provided in the questionnaire (Thompson, 2004). Accordingly, this statistical 
approach was beneficial to better ascertaining the key impediments facing the 
Australian rail sector. A detailed analysis of the statistical techniques conducted to 
answer SRQ2 is provided in Appendix E.  
SRQ3 deals with evaluating the impact of impediments on the freight service 
attributes. The data analysis to answer this question involved descriptive presentation 
and inferential analysis of the data. The inferential approach consists of conducting 
an EFA for each FSA. The reduction of a large number of factors to an adequate 
number with a clear factor structure was the ultimate aim of factor extraction using 
EFA (Pallant, 2013). This provided the opportunity to understand which 
impediments are more influential on each FSA. Paper III (Appendix A-3) presents 
the publication that is relevant to this research question and also explains the detailed 
data analysis. Appendix F provides the detailed statistical figures.  
2.5 OTHER DATA COLLECTION AND ANALYSIS  
Data collection in this research was reliant on (i) the nature of the industry problem 
and (ii) type of research questions (Cooper & Schindler, 2003). Marshall and 
Rossman (2006) state that the fit between the data collection methods and the 
purpose of the study is a critical issue. The previous sections presented the various 
methodological approaches applied in this thesis to answer the secondary research 
questions (SRQ1, SRQ2 and SRQ3). As discussed in Section 1.4, after undertaking 
the empirical examination, four key areas were identified which required further 
research in order to provide explicit and comprehensive answers to the primary 
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research question (PRQ). Accordingly, four objectives were developed to cover the 
under-researched areas. Meeting these objectives however, required different 
approaches of data collection and analysis. In this section the other forms of data 
collection and analysis required to meet the four objectives of this research are 
summarised. As this thesis is based on a publication basis, the details of data 
collection for each objective are provided in the relevant papers.   
Objective 1 (Obj1) aimed to examine the trade-offs between the time-based attributes 
of the rail freight service and to provide a transportation solution to the rail sector for 
improved service levels. For this purpose, a mathematical model was developed and 
raw data were obtained from various BITRE sources to validate the model within the 
Australian rail freight network setting. Paper IV (Appendix A-4) provides the 
detailed model and data analysis.  
The aim of Objective 2 (Obj2) was to explore the rail sector from a transport 
geography context. To meet this objective, various sources of secondary data were 
collected and analysed from both public and private rail and transport related 
organisations, including rail network information, specific data on freight activity, 
population distribution and detailed information on the key rail infrastructure. The 
first piece of analysis was linked to the distribution of demand for rail freight service. 
As intermodal activity is directly linked to population, a map of Australian 
population distribution was used and it was integrated with the current intermodal 
railway network to investigate the geographical proximity of demand with current 
rail network. Accordingly, this exploration was accompanied with analysing the 
efficiency of the intermodal terminal system in relation to gauge difference to 
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provide planning recommendations. Paper V provides the details of data collection 
and analysis (Appendix A-5).  
Objective 3 (Obj3) focused on the role of intermodal terminals in relation to rail 
freight activity. To fulfil this objective, secondary data on the Australian intermodal 
terminal system (such as location and capacity) were collected from various sources, 
including BITRE, Shipping Australia, NTC and other publicly available sources such 
as the freight operators’ websites. In order to meet this objective, departure-
destination data was collected all intermodal terminals in Australia. According to 
their nature of activity the facilities were categories as intrastate, interstate and port-
based terminals. Accordingly, data on freight volumes (containers) were collected for 
each category. In the next stage, the share of rail was calculated for each category 
according to their connectivity with the broader transport network. Consequently, 
descriptive data analysis was conducted to interpret the information and to create 
specific freight transport implications (Paper VI/Appendix A-6). This analysis was 
mainly focused to identify the markets in which rail is not performing well. 
Accordingly, transportation and infrastructure planning solutions were provided in 
relation to managing the intermodal terminal system to enhance the performance of 
rail in different markets.  
Exploring the current and future role of rail within Australian seaports was the fourth 
objective of this research (Obj4). To meet this objective both primary and secondary 
data were used. The primary data were collected through the survey which was 
distributed among operations managers of the Australian ports engaged in intermodal 
activity. Secondary data were obtained from ports’ websites, BITRE, Shipping 
Australia and other relevant sources (see Paper VII/Appendix A-7). The secondary 
 66 
 
data used to meet this objective was linked to the container activity in the ports, 
inbound/outbound movement of containers via different transportation modes and 
recent investment in rail infrastructure within ports. A descriptive analysis of both 
primary and secondary data was then conducted to (i) investigate the key 
impediments facing by the Australian rails sector in ports and (ii) to investigate the 
share of rail within Australian ley ports. Accordingly, important implications were 
developed for both rail and port sector in Australia to increase the share for rail in the 
port market. Table 2.10 summarises the research strategy, data source, data analysis, 
contribution of each publication and the sections where methodologies are explained 
in papers in this thesis.  
Table 2.10 Summary of data analysis for relevant publications   
Paper Data source Data analysis  
Methodology 
explained in paper 
Contribution 
Paper I Literature review SLR Section 3 SRQ1 
Paper II Empirical 
(questionnaire) 
Quantitative Section 3 
SRQ2 
Paper III Empirical 
(questionnaire) 
Quantitative Section 4 
SRQ3 
Paper IV Secondary data 
and simulation 
Quantitative Section 4 
Obj1 
Paper V 
Secondary data 
Qualitative and 
quantitative 
Section 4 
Obj2 
Paper VI 
Secondary data 
Qualitative and 
quantitative 
Sections 1 and 5 
Obj3 
Paper VII Empirical  
and secondary 
data  
Qualitative and 
quantitative 
Section 4 
Obj4 
2.6 RESEARCH QUALITY CONTROLS 
An essential part of any research is to verify the quality of the work (Wortman, 
1994). Various scholars have proposed different quality evaluation frameworks for 
quantitative and qualitative research. However, there is an acceptance that validity 
and reliability are the key aspects of research quality (Roberts et al., 2006; Morse et 
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al., 2008). Validity and reliability can be applied equally to both research types 
(Healy & Perry, 2000; Winter, 2000; Riege, 2003; Morse et al., 2008). According to 
Yin (2009), validity in research can be defined as construct validity, internal validity 
and external validity. The validity in this research is ensured by taking the following 
approaches. 
First, construct validity was considered to establish the correct operational measures 
for the research concept being studied, including research strategy, data collection 
and analysis (Yin, 2009). The survey instrument was prepared based on SLR which 
is more sophisticated compared to the traditional review of literature. The SLR 
identified impediments from different aspects of the rail sector to ensure the survey is 
capable of addressing the research objectives. A careful refinement was also made to 
ensure the inputs to the survey are capable of answering the research questions. In 
addition, methodological triangulation was used through the utilisation of both 
quantitative and qualitative data analyses. Therefore, construct validity was 
addressed.  
Internal validity is important to establishing a causal relationship, whereby certain 
conditions are revealed that lead to other conditions (Yin, 2009; Almotairi, 2012). To 
ensure internal validity, the following measures were taken. First, various levels of 
pilot testing were conducted before the distribution of the survey among participants 
to enhance the content, wording and message of the survey, meaning that the 
instrument content was validated. Second, the study included inclusive variables to 
ensure content validity and coverage. Third, each methodological approach used in 
this thesis follows its preceding step (for example SLR before EFA and EFA before 
CFA), meaning that an integrated and continuous validation approach was applied. 
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EFA and CFA are essential to determining and evaluating the underlying constructs 
for a set of measured variables and/or instrument used in a research process 
(Williams et al., 2012). Finally, the statistical and mathematical calculations were 
conducted by sophisticated software tools and methods, such SPSS and AMOS. The 
use of SPPS and AMOS are recommended in research procedures to evaluate the 
validity of casual relationships between the dependent and independent variables 
(Bryman & Bell, 2011).  
External validity is used to determine whether the study’s theoretical approach and 
findings are generalisable beyond the specific context of the study (Yin, 2009; 
Bryman & Bell, 2011). The theoretical framework of this research was constructed 
based on well-known management, marketing and multi-modal transportation 
research, including systems theory, the competitiveness concept and transport service 
competitiveness. In addition, the appended publications were all published in highly 
respected journals, including a peer-reviewed conference paper in the field of 
logistics and transportation. The theoretical approaches developed in this thesis are 
also applicable to being used in freight transport research with similar contexts, 
implying that replication logic is possible (Rowley, 2002). Therefore, external 
validity of the theoretical approach was addressed in this research.  
According to Miles and Huberman (1994), the reliability of research is determined 
by the extent to which the process of the study is consistent and reasonably stable 
over time and across researchers and methods. To ensure the reliability of this thesis, 
all procedures regarding data collection and analysis were pre-tested and 
documented. As the result of consistent data collection and analysis, the 
methodological tools used in this research will yield stable results when repeated 
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over time. Furthermore, the use of SLR and refinement process ensured reliability of 
the quantitative methodology by confirming that no point was missing when 
developing the instrument (Kitchenham et al., 2009).  
The reliability of statistical tests was also ensured by utilisation of relevant 
measurements. Cronbach’s alpha was used for assessing the internal consistency of 
the survey. According to Santos (1999), Cronbach’s alpha should be higher than 0.7 
for internal consistency. The values of Cronbach’s alpha were 0.848, 0.846, 0.819 
and 0.713 in this thesis. The Kaiser-Meyer-Olkin (KMO) test was used to measure 
the sample adequacy which was 0.840, significant at 1 per cent significance level (p-
value = 0.000). Similarly, Bartlett’s test of sphericity was 632.7, significant at 1 per 
cent. The root mean square error of approximation (RMSEA) test was applied for 
the CFA stage to ensure reliability of testing. According to Kenny and McCoach 
(2003), RMSEA must be less than 0.5 for reliability.  All the values in the final 
model fit were significant at 1 per cent and the value for RMSEA was 0.000. Paper II 
and Paper III in Appendix E and Appendix F respectively provide a detailed 
presentation of the statistical analysis.  
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3.1 INTRODUCTION 
As this thesis is publication-based, this chapter presents the seven publications 
associated with this thesis. Importantly, it explains the key findings of each 
publication and the inter-relationships between the publications and how they 
individually and collectively contribute to addressing the research question and thus 
the thesis.  
3.2 RESEARCH INTEGRATION AND DEVELOPMENT 
The aim of this thesis is to recommend strategies for the Australian rail sector to 
enhance its competitive position in the non-bulk freight market. To achieve this 
objective, the impediments to the competitiveness of this important economic sector 
were identified. Therefore, the starting point of this research was to build a 
conceptual framework on which the research strategy could be built to answer 
research questions and meet the objectives. Accordingly, Paper I was developed to 
build a comprehensive picture of all the impeding factors reported in the literature. 
Based on the findings of the literature review (Paper I) and the theoretical 
framework, the context for the empirical part of this thesis was established. 
Accordingly, the rationale for all the subsequent papers were developed (Papers II to 
VII).  
Thus, Paper II empirically investigated the impact of the impediments on rail’s 
competitiveness from the view of stakeholders. Using the outputs of Paper I and 
Paper II, Paper III was developed to establish an understanding of the impeding 
factors from the context of the freight transport market. Paper III investigated the 
impact of impediments on the key freight service attributes.  
 72 
 
This thesis progressed in discrete stages and involved a sequence of related 
components over time. As a natural consequence of undertaking research in social 
science, several under-researched areas were identified after undertaking the 
empirical examination. These areas were identified mainly as the result of 
quantitative data analysis and interpreting the responses of participants to the open-
ended questions.  
To investigate these areas, four objectives were developed to cover the under-
researched areas. These areas included (i) improvement of the quality of the rail 
freight service, (ii) studying the rail sector from a transport geography viewpoint, 
(iii) the role of intermodal terminals in the development of the rail market and (vi) 
the role of rail in the port-based container flows. These key areas were translated to 
four research objectives of this research which were essential to meet the primary 
research question (discussed in section 1.4). The detailed development of research 
objectives and the need to further investigate the associated areas are discussed in the 
relevant publications (see Papers IV to VII).  
Paper IV which was linked to Obj1 explored the strategies to improve the time-based 
attributes of rail service using a mathematical model. Paper V (linked to Obj2) 
investigated the Australian rail sector from a transport geography perspective, 
including the relationship between population distribution and freight demand, 
location of intermodal terminals and development of below rail infrastructure over 
time. Paper VI focused on the role of intermodal terminals in development of playing 
field for rail in the non-bulk freight market with the aim to meet Obj3. Finally, Paper 
VII focuses on the role of rail in the port-based market, which is an important market 
for rail to achieve greater share. Paper VII was linked to Obj4. Figure 3.1 illustrates 
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how the research in total is integrated, the major areas of focus, and their 
contribution to the research questions and objectives.  
 
Figure 3.1 Research integration 
As discussed before, this thesis has been developed in discrete stages over time to 
better explore different dimensions of the research problem. Therefore, the results of 
this thesis were achieved in a sequential style. In other words, every research 
question and objective provided directions for the sequencing stage, resulting in a 
profound exploration of the research problem. Table 3.1 shows the prerequisite 
research behind the development of each publication and their particular contribution 
to the overall development of this thesis.  
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Table 3.1 Research flow and inter-relationships between publications 
Publication  Prerequisite Contribution Research area 
Paper I 
Available literature on the 
Australian rail sector and 
research problem  
SRQ1 
Identification of impeding 
factors and the key areas of 
the study 
Paper II 
Available literature on the 
Australian rail sector and 
Paper I 
SRQ2 
Empirical investigation of 
impediments from the view 
of the key stakeholders 
Paper III 
Literature on competitiveness 
in freight transport, Paper I 
and Paper II 
SRQ3 
Empirical investigation 
from a freight market 
perspective 
Paper IV Paper I, Paper II and Paper III Obj1 
Providing transport 
solution for service 
improvement  
Paper V 
Paper I, Paper II, Paper III and 
Paper IV 
Obj2 
A transport geography 
analysis on the non-bulk 
rail freight sector 
Paper VI 
Paper I, Paper II, Paper III, and 
Paper V 
Obj3 
Role of intermodal 
terminals in the 
development of the non-
bulk rail freight market 
Paper VII 
Paper I, Paper II, Paper III, 
Paper V, Paper VI and relevant 
literature 
Obj4 
Investigation on the role of 
rail in the ports 
 
3.3 OVERVIEW OF THE PUBLICATIONS 
This section presents an overview of each publication by focusing on the purpose and 
findings. Additionally, this section aims to summarise the contribution of each 
publication towards an orchestrated organisation.  
3.3.1 Paper I - Published 
Identification of the impediments to the competitiveness of the Australia rail 
sector  
Ghaderi, H., Fei, J. and Cahoon, S. (2015) ‘The impediments to the competitiveness 
of the rail industry in Australia: the case of the non-bulk freight market’, Asia Pacific 
Journal of Marketing and Logistics, Vol. 27, No. 1, pp. 127-145.  
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3.3.1.1 Purpose 
The development of this paper evolved from the challenges arising from diverse 
views in the literature on impediments which have led to a fragmented and biased 
freight policy-making direction. This paper is linked to SRQ1 which sought to 
identify the impediments against the competitiveness of the rail sector as reported in 
the literature. In other words, this paper was developed to establish a focus and 
summarised picture of all reported impediments that the rail industry is facing by 
systematically reviewing the reports and studies generated by various stakeholders 
over the last ten years.  
3.1.1.2 Findings 
For the first time in the Australian context, this paper identified and reported the 
impediments to the competitiveness of the rail industry in the non-bulk freight 
market by systematically reviewing the reports generated by different stakeholders in 
the last ten years. Using a meta-analysis model, 43 impediments were identified in 
the areas of policy making, infrastructure and operational aspects. The identified 
impediments were then applied into a heuristic model to identify the common 
themes. Four major impeding areas were identified, each of which presents the rail 
sector with challenges in the non-bulk freight market, including: 
 Infrastructural inefficiencies and the need for further integration; 
 Governance and inconsistent transport policy; 
 Growth and modal shift; and 
 Environmental concerns and internalisation of externalities.  
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“Infrastructural inefficiencies and the need for further integration” was ranked as the 
main rail industry challenge, while “environmental concerns and the associated costs 
of externalities” was ranked the least. The results of this paper were used to develop 
the input for the quantitative approach of this thesis and consequently Paper II and 
Paper III. Furthermore, this paper introduced areas requiring further research which 
were reflected in the research objectives. 
3.3.2 Paper II - Submitted 
Evaluation of impediments from the view of key stakeholders  
Ghaderi, H., Cahoon, S. and Nguyen, H-O. (20xx) ‘Evaluation of impediments to the 
competitiveness of rail sector in Australia’, Submitted to Research in Transportation 
Economics. 
3.3.2.1 Purpose 
Despite many studies undertaken by various government statutory bodies, there is 
little understanding of the key impediments against rail’s competitiveness in 
Australia from the view of stakeholders. Thus, empirical research on this topic 
remains limited and demands further analysis. Furthermore, stakeholders’ 
involvement in these studies is fractional and rail has not been studied by its different 
sectors in Australia (bulk and non-bulk). Given the particular economic and social 
importance of the non-bulk rail freight sector, dedicated investigation was required. 
This research therefore, aimed to fill the empirical research gap in the Australian rail 
sector by systematically identifying the key stakeholders and evaluating their view 
using sophisticated analytical methods. Therefore, this paper answers SRQ2 and was 
developed from Paper I to empirically evaluate the impeding factors.  
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3.3.2.2 Findings 
This paper aimed to empirically examine the key challenges facing by the Australian 
rail sector which has resulted in a broader approach being taken to the notion of rail 
stakeholders. Through the use of EFA and CFA, this paper recognises that four key 
impeding areas exist against the competitiveness of the rail sector in Australia, 
including (i) infrastructure management, (ii) shortage of freight data and poor 
information sharing, (iii) service delivery and (iv) organisational and commercial 
interactions. Although similar concerns exist between the empirical findings of this 
paper and the literature (infrastructure inadequacies, lack of funding and biased 
access charging systems), there are other impeding areas which were not discussed in 
the literature, meaning that the available literature does not fully express the industry 
concerns and challenges. These areas include: 
 Shortage of freight data and poor information sharing; and  
 Organisational communications and commercial relationships. 
This difference however, validates the objective of Paper II to empirically investigate 
the impediments facing by the rail sector from the view of the key stakeholders. This 
is an important achievement in recognising and prioritising the industry challenges.     
The findings provide important implications for both industry and government in 
terms of making transport planning and policy decisions to promote the use of rail in 
the Australian freight markets. This paper also provides important implications on 
the strategic role of rail towards an integrated national land freight network and 
enables policy makers to better recognise the poorly performing areas by 
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understanding the impact of recent developments over the last two decades on rail’s 
market share.   
3.3.3 Paper III – In press 
Investigating the impact of impediments on the key freight service attributes 
Ghaderi, H., Cahoon, S. and Nguyen, H-O. (20xx) ‘Factors deteriorating 
competitiveness of the Australian rail sector: a logistical perspective, International 
Journal of Logistics Systems and Management.  
Forthcoming 
3.3.3.1 Purpose 
The aim of this paper is to empirically examine the impact of impediments facing the 
rail sector in Australia on the key freight service attributes (FSA) from the view of 
key stakeholders. This paper is linked with SRQ3 which addresses how each FSA are 
affected by the current impediments. While Paper II developed an overall 
understanding of the key impeding areas, this paper took one step further by bringing 
the context of freight transport competitiveness into evaluation of impediments. This 
approach is beneficial as (i) it identifies the distinct impact of each impediment on 
the different FSAs and (ii) assists government and industry to make informed 
transportation and infrastructure planning decision making by identifying the poorly 
performing areas of the rail sector. The development of this paper evolved from the 
need to investigate the impediments from a freight transport market perspective and 
findings of Paper I and Paper II.  
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3.3.3.2 Findings 
Conducting EFA for all the FSAs was useful to (i) reduce the number of factors to 
the most important from the rail stakeholders’ perspective, (ii) identify the unique 
impediments associated with each FSA, and (iii) to understand what challenges are 
common among all FSAs. Eight impediments are mutual among the four FSAs 
(Figure 3.2).  
 
Figure 3.2 Result of four EFAs on FSAs 
These impediments are categorised as infrastructure management and operations (I.1, 
I.2 and I.10), interoperability (I.5), infrastructure access charging (I.5 and I.1) and 
organisational and commercial relationships (I.26 and I.27). The appearance of these 
factors across all FSAs demonstrates their importance, meaning that improving the 
service levels requires special attention to them. The findings of this paper are more 
detailed from Paper II as the specific impeding factors associated with each FSA are 
identified. As different freight customers have different service requirements (for 
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example some are price or time sensitive), this paper provides important 
recommendations for improvement in each FSA.  
3.3.4 Paper IV - Published 
Improving service quality by managing the time-based attributes 
Ghaderi, H, Namazi-Rad, M. R., Cahoon, S. and Fei, J. (2015) ‘Improving the 
quality of rail freight services by managing the time-based attributes: the case of non-
bulk rail network in Australia’, World Review on Intermodal Transportation 
Research, Vol. 5, No. 3, pp. 203-220.   
3.3.4.1 Purpose 
Long transit times and low levels of reliability are the key concerns of freight 
customers hindering their use of rail for their freight movements. This paper 
quantitatively evaluates the trade-offs between transit time and reliability, which are 
two influential freight service attributes of transport mode choice. Therefore, this 
paper addresses Obj1 which provides solutions to improve the quality of rail freight 
service. A statistical probability function was developed in this paper to calculate the 
probability of reliability of transport services. Using this function, the impact of 
changes in the transit time on the probability of punctuality was measured. This 
method provides the opportunity for rail operators to create a competitive advantage 
for both internal (terminal and below rail operators for example) and external 
customers by managing the time-based transport attributes. The development of this 
paper evolved from the understanding that was achieved from the literature review, 
Paper II and Paper III on the importance of time-based attributes on the 
competitiveness of the rail service, and how effective above rail operations 
contributes to this matter.  
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3.3.4.2 Findings 
The results of the case study in this paper showed that adjusting the transit time can 
significantly improve the service reliability in different corridors. However, the 
amount of reliability improvement depends on the corridor length and transit time 
reduction. In other words, for each departure-destination journey the time reductions 
must be set in accordance with the reliability improvement targets. Although the 
results of this research are not empirical in nature, they provide industry managers 
and academia with a better understanding of the trade-offs between the two time-
based attributes of freight service, transit time and reliability. Depending on the 
operational, marketing or strategic goals, a transport system may aim to enhance the 
reliability levels by travelling faster which adds extra operational costs or by giving 
extra slack and maintaining the same operational practice (same speed). This paper 
suggests that on the North-South corridor (between Brisbane, Sydney and 
Melbourne) where reliability is a key concern for the use of rail, a reduction in the 
transit time following the unchanged schedules results in increased cargo availability 
in the terminal of arrival, and subsequently improved reliability. Accordingly, this 
will improve the overall competitiveness of rail freight service.  
3.3.5 Paper V - Published 
A transport geography investigation into the non-bulk freight sector 
Ghaderi, H, Cahoon, S. and Nguyen, H-O. (2015) ‘An investigation into the non-
bulk rail freight transport in Australia’, The Asian Journal of Shipping and Logistics, 
Vol. 31, No. 1, pp. 59-83.  
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3.3.5.1 Purpose  
Understanding the movement of freight distribution in transportation science and 
geographical research is important to make transportation and infrastructure 
decisions. Therefore, this paper was developed to meet the second research objective 
(Obj2) which is to investigate the rail freight sector from a transport geography 
perspective. This is an important analysis due to the size of Australia and unique 
population distribution. To meet this objective, this paper provides an extensive 
transport geography analysis on how the current network and demand distribution limit 
the scope for rail transport in Australia. To achieve this objective, this paper investigates 
the efficiency and operational management issues by focusing on three key transport 
geography areas: the level of track compatibility and the relevant operational issues, the 
demographics of non-bulk freight in Australia and the current status of intermodal 
terminals in relation to rail connectivity and demand. This understanding is essential for 
the rail sector to make infrastructure planning decisions in the medium and long term. 
The need for this analysis evolved from the general literature stage and the outcomes of 
Paper II, Paper III and Paper IV in the areas of service delivery and fixed infrastructure 
such as intermodal terminals and below rail network.  
3.3.5.2 Findings 
By analysing the three research themes in the former section, a more detailed 
understanding of the current inefficiencies and infrastructure shortages facing the 
non-bulk rail freight sector in Australia was achieved. In relation to the issue of track 
incompatibility, a significant amount of investment is required for track 
standardisation to enable rail capture larger market share of freight within regional 
areas. Track standardisation is a critical issue for freight movements with origins in 
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Australian States with a different gauge size to the standard interstate tracks. This 
will add extra transhipment costs to the total door-to-door freight cost, limiting the 
cost competitiveness of rail in important interstate markets such as QLD-NSW, 
NSW-VIC, QLD-VIC and VIC-SA. In addition, the extra operational time that 
containers stay in the yards as well as transhipping them between different trains will 
increase the transit time. The standardisation of track however, is not a short-term 
and low cost improvement option due to various reasons, mainly due to the 
significant associated cost and the complex ownership structure.  
This paper also highlights the crucial role of intermodal terminals for the 
effectiveness of rail in attracting freight and the means to improve the overall service 
quality, with a special focus on the intermodal terminals serving the key Australian 
ports. However, detailed investigation of this area was out of the scope of this paper 
and required further study. Therefore, Paper VI and Paper VII were developed to 
investigate the role of intermodal terminals in providing a playing field for rail in the 
different segments of Australian non-bulk freight market. In addition, based on the 
findings, this paper provides valuable recommendations to the rail sector and 
government to enhance the competitiveness of rail.  
3.3.6 Paper VI - Submitted 
The role of intermodal terminals in the development of non-bulk rail freight 
market in Australia 
Ghaderi, H, Cahoon, S. and Nguyen, H-O. (20xx) ‘The role of intermodal terminals 
in the development of non-bulk rail freight market in Australia’, Submitted to Case 
Studies in Transport Policies.  
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3.3.6.1 Purpose 
This paper develops a more in-depth understanding of the role of intermodal 
terminals in the development of the non-bulk rail freight market in Australia by using 
various published and original data sources. This is followed by detailed explanation 
of the role in the non-bulk freight market as a whole and their contribution in 
generating freight volumes for rail in different subsystems. The purpose of this paper 
answers Obj3 and its development evolved from the general findings of Paper II and 
Paper III and a focused investigation on the intermodal terminals which was 
demonstrated in Paper V.  
3.3.6.2 Findings 
This paper found that intermodal terminals play a critical role in the efficient 
movement of non-bulk freight across Australia. The analysis of collected data shows 
that a combination of establishing new terminals (especially in the regional markets) 
and the expansion of certain existing terminals are required to cater for the expected 
growth in Australia’s seaborne and domestic trade. In relation to capacity, sufficient 
terminal facilities are available in terms of handling and storage yards in all sub-
systems for the current volumes. However, this capacity is not efficiently employed 
as the result of numerous infrastructural and regulatory constraints.   
This paper also demonstrates that port-based container flows are potential market 
segments for rail to achieve greater share. In the port-based sub-system, three 
elements are essential for a disruption-free movement of freight trains across 
Australian deep-sea terminals. First, the rail connectivity to the ports is a critical 
factor. In Sydney and Melbourne, dedicated rail corridors are needed to lessen the 
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interfaces between the freight trains and highly prioritized passenger trains in the 
shared network. It is expected that rail may become more competitive in the future 
when increased urban trade and traffic make road transport less flexible and more 
costly in metropolitan Sydney and Melbourne. Since this is an important market for 
rail, further research was required to investigate the key impeding areas against 
efficient operations of rail in the ports. This need resulted in the development of 
Paper VII.  
Finally, Paper VI explains that poor and adversarial relationships between different 
players across the intermodal terminal system have resulted in low rail productivity. 
Many container terminals in Australia are unionised, and often there is one union 
covering a range of employees. This multifarious working environment has resulted 
in several strikes and stoppages of terminals operations in the last two decades. 
Therefore, a more collaborative approach needs to be in place to maintain the 
relationships between the supply chain actors.  
3.3.7 Paper VII - Published 
The role of rail in the port-based container market  
Ghaderi, H, Cahoon, S. and Nguyen, H-O. (2015) ‘Impediments to the 
competitiveness of the rail sector in the Australian port-based container market’ 
Proceedings of the 2015 International Association of Maritime Economists 
Conference (IAME), Kuala Lumpur, Malaysia.    
3.3.7.1 Purpose 
The number of containers handled by Australian ports has quadrupled over the past 
two decades due to significant growth in Australia’s international trade and 
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increasing population. Despite the significant growth in port-based container 
volumes, rail’s share in the land-based movement of this traffic is very small, 
principally due to lower service levels when compared with those offered by the road 
sector. Therefore, the purpose of this paper addresses Obj4. This paper first 
establishes a clearer image of the role of rail in the Australian port-based container 
flows using both published statistics and the authors’ original analysis and second, to 
empirically identify the key impediments to the competitiveness of rail in the port-
based market. This paper, developed from the findings of Paper II, Paper III, Paper V 
and Paper VI, demonstrated the need for detailed investigation on the role of rail in 
the Australian port-based market and to evaluate the key challenging areas.  
3.3.7.2 Findings 
Three major findings are evident from the data collection and analysis. Firstly, 
inadequate infrastructure was found to be a key impediment for the use of rail in 
Australian ports. This mainly includes intermodal infrastructure, and the shortage of 
both above and below rail infrastructure. Secondly, poor interoperability and 
operational practices are crucial elements for seamless rail operations within ports. 
Thirdly, port managers perceive that effective transport policy is lacking from 
different levels of government and although a greater role for rail is apparent a single 
national rail system is first required.   
This paper suggests there are opportunities for rail to increase its share, due to an 
increase in trade and traffic that will make the road transport less flexible and more 
costly in the urban areas. However, this depends on various enhancement options. 
The preliminary approach is the enhancement of below rail infrastructure, in 
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particular the establishment of dedicated freight lines to and from ports which is a 
key catalyser to improve the quality of rail service. Under the current condition 
where passenger and freight trains are sharing the already congested urban rail 
infrastructure, a greater rail share does not seem plausible. The general understanding 
is that there is interest from ports for increased rail activity, mainly due to 
establishing a greener image. This is particularly true as Melbourne, Sydney, 
Brisbane and Fremantle are in close proximity to residential areas. However, 
enhanced rail connectivity cannot be achieved without close collaboration between 
ports and the governments of the host region, especially in Sydney and Melbourne 
where there is limited land available to be utilised for railways and terminals. 
This paper concludes that port-based container flow is a key market for rail. 
However, to achieve this, it must be appreciated that impediments exist including 
infrastructure shortage, commercial barriers and inconsistent standards, all of which 
may result in rail not being the first choice of freight managers. 
3.4 SUMMARY  
Although the published papers are separated into discrete topics, its organisation has 
been orchestrated and integrated to be read as a single rational argument and to meet 
the relevant research question/objectives. This approach was beneficial to better 
addressing the primary research question of this thesis by investigating different 
dimensions of the research problem and to provide explicit recommendations 
relevant to the nature of challenges facing by the Australian rail sector.   
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4.1 INTRODUCTION 
This thesis is an empirical study investigating the Australian rail sector in the non-
bulk rail freight sector with the purpose of providing strategies for enhanced 
competitiveness. The research necessitated a comprehensive analysis of the key 
impeding factors against the competitiveness of the rail sector in Australia, as well as 
an extensive review of intermodal freight issues. The thesis adopted a quantitative 
research methodology to answer the primary research question. The primary research 
question was broken into three secondary research questions as the empirical 
examination of thesis. After conducting the empirical examination, four important 
areas were identified which required further research o better answer the primary 
research question. The four areas were then translated into four research objectives. 
The detailed findings of each research question and objective were presented in 
Chapter three and related publications. This concluding chapter provides a general 
conclusion to this thesis and discusses the contributions for academia and industry. 
Finally, the limitations of the thesis and directions for future research are provided.  
4.2 SUMMARY OF MAJOR FINDINGS 
Rail transport plays a critical role in the Australian economy. In the near future 
where truck activity will place further pressure on urban networks, it is expected that 
rail will become an even more attractive transport solution. Enhancing rail 
productivity will provide strong benefits for the Australian transport sector and 
society as a whole. The growth in rail’s volume is likely and necessary to ensure 
sustainable economic growth. This is mainly due to the projected freight demand, the 
necessity to minimise the external costs of freight activity, potential rises in fuel 
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prices and greater attention to impacts on the environment. Fuel cost accounts for the 
single largest cost item of long-distance road freight operating costs (30 per cent) 
(BITRE, 2009). Specifically, the future introduction of greenhouse gas emission will 
be based on fuel charges which will likely increase the freight rate offered by road 
sector.   
Given the importance of the non-bulk freight sector as a key mechanism for rail 
achieving a greater share of the freight market, this thesis evaluates the importance of 
existing impediments against the competitiveness of the rail sector from the 
perspectives of various stakeholders in this particular market. This thesis also sheds 
light on the strategic role of rail towards an integrated national land freight network 
and enables policy makers to better recognise areas of weakness. Additionally, this 
research is the first national study aiming to fill the empirical research gap in the 
Australian rail industry by systematically identifying the key stakeholders and 
evaluating their view using sophisticated analytical methods.  
From the findings of this thesis, it is evident there are a number of impeding areas 
impacting on the competitiveness, performance and commercial viability of the 
Australian rail sector, particularly in the non-bulk freight market. For many years the 
Australian rail sector has been in a downhill cycle of low investment, reduced market 
share and subsequent difficulties to justify infrastructure investment. Despite a 
number of attempts and developments over the past three decades made by different 
levels of government and industry to bring about change, there is still much to be 
achieved to enhance the attractiveness of rail as an efficient and more 
environmentally friendly mode of transportation in the Australian non-bulk freight 
market. However, as this thesis highlights, changes are required in terms of 
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infrastructure, operational practices, working culture, regulations and policy to bring 
productivity into the rail sector.  
The empirical findings of this thesis reveal that in addition to the physical barriers 
existing in the rail infrastructure, there are major market and economic distortions 
preventing the rail sector from improving its productivity. As highlighted in previous 
chapters and published paper, these are mainly categorised as (i) a lack of consensus 
between different levels of governments when making transport policy, and (ii) a 
lack of a level competition playing field.   
In relation to the lack of consensus, the findings of this thesis  highlights that absence 
of an integrated long term transport policy framework is a key area reducing 
productivity of the rail sector. For example, there is a fragmentation of roles within 
government where infrastructure initiatives require the involvement of different 
levels of government. This in turn results in reduced input from different parties 
when developing transport policy. Developing a comprehensive and integrated 
framework for transport policy is consequently challenging due to this fragmentation, 
overlapping and multiple interfaces between levels of government involved in 
transport and infrastructure planning. Solving this issue requires greater leadership at 
the national level to create transparency and consensus across different tiers of 
government.  
In addition, there is sometimes misunderstanding of the role of government as policy 
maker, regulator or operator. Therefore, it is not clear where the responsibility 
resides for developing the policy, approval process, asset ownership and 
management. As the result of this confusion, cost-shifting occurs between different 
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tiers of government resulting in rail infrastructure projects being considered as 
individual programs rather than seeing their contribution to the objectives of creating 
an integrated national land freight system such as those developed in AusLink. 
Moreover, arrangements between different levels of government, departments and 
relevant jurisdictions do not often exist prior to funding or planning decisions. For 
example, decisions related to establishment of intermodal terminals are not widely 
discussed with the rail operators and the wider logistics industry.  
Regarding the competitive neutrality, two issues exist as (i) biased funding and (ii) 
pricing approaches. Unlike the road sector, the private sector contributes largely to 
rail infrastructure investment, both in above and below rail operations. From a public 
investment perspective, traditionally, there has been an underinvestment in rail 
infrastructure from Commonwealth infrastructure related funding; since the road 
funding role was expanded in the 1970s. As a result of inadequate rail infrastructure, 
rail’s transit time and reliability which are the key determinants of market share, 
have considerably suffered. The second element of the competitive neutrality is 
linked to the current pricing regimes in place. Pricing systems across modes must 
consider the full economic and social costs of each transport mode to gain the 
maximum benefits (reduced freight rate and environmental costs for example) from 
their combination. From the infrastructure access pricing perspective, the current 
heavy vehicle pricing system does not embrace the actual costs of maintaining and 
upgrading the network. This thesis highlights that biased infrastructure access pricing 
systems are not only a key challenge for the rail sector to achieve a greater share 
(especially on the shorter corridors), but also it is a serious concern for the wider 
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community of Australia who are indirectly paying the cost and impact of heavy 
vehicles on the infrastructure.  
The provision of road infrastructure, especially in the urban areas, is constrained by 
the limited land availability. This has led to the development of expensive 
infrastructure, such as tunnels and bridges, which are not commercially viable. Under 
the current road pricing system, road vehicles are charged for the use of arterial and 
local roads via a nationally used system, which does not capture the full cost that 
heavy vehicles impose on the road network, meaning that the remaining cost is 
shared equally between all users, including private travellers. Although the financial 
cost and benefits of a freight transport mode are of particular importance, transport 
policies must be developed in such way to capture the non-financial aspects 
associated with freight activity. The current pricing system fails to internalise the 
social and environmental costs of transport modes.  
The empirical findings of this thesis reveal that poor internalisation of freight costs is 
a major challenge for the rail sector. The external costs of freight activity, such as 
congestion, accidents and environmental degradation, has not been accounted in the 
freight rates and has been transferred to society. As such, these impediments are 
resulting in distorted transport decisions from the freight industry and in turn will not 
ensure a safe, sustainable and efficient freight transport system for Australia. A 
balanced competitive playing field will ensure the industry chooses the most efficient 
combination of transport modes. This approach will lead to greater utilisation of 
assets and lesser cost being imposed to the society.  
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In conclusion, in order to improve rail’s productivity, a more mature and 
collaborative approach is required among all the actors to establish win-win solutions 
and considering the non-bulk freight task in a more integrated approach rather than 
providing road or rail scenarios. This in turn will bring long-term and sustainable 
benefits to the Australian economy as a whole.  
4.3 RESEARCH CONTRIBUTIONS 
This thesis makes several contributions to the industry and academia. The 
contributions are presented through two areas. First, those related to the contextual 
and industry-related focus of this research and the second area is linked to the 
methodological, theoretical and academic aspects of this research.  
4.3.1 Contextual and industry-related contributions 
Firstly, this study provides a more transparent image of the key challenges faced by 
the rail sector in Australia. These challenges were previously ambiguous, mainly due 
to the lack of empirical research and little stakeholder involvement. This research 
therefore, provides a detailed and rigorous understanding of these challenges in a 
national context. Although many of industry challenges were previously identified, 
this thesis follows an evidence-based approach with the use of scientific methods to 
integrate research in the Australian rail sector. Accordingly, a more convincing and 
feasible framework was developed to provide strategies for the rail sector to enhance 
competitiveness.  
Secondly, this thesis provides important recommendations for the Australian rail 
sector and government to make informed transportation and policy decisions, 
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including those related to below rail infrastructure, intermodal terminals, access 
pricing, funding and the cultural changes required to improve productivity of the 
entire system. This was achieved by establishing a better understanding of the rail 
sector under a systems setting, that empirically evaluated the industry challenges and 
integrated those challenges in a national context with successful policy and practice 
applied internationally.  
Thirdly, this research contributes to the area of port hinterland development by 
highlighting the important role of rail in port-based container flows. As the result of 
increased road congestion in port hinterland and intensified attention to 
environmental impacts of port activity, many governments aim to promote the use of 
rail. The empirical results of this research from the Australian context identifies and 
discusses the challenges in relation to this strategic shift and provides important 
recommendation to government and industry to facilitate a greater role for rail in 
port-based flows.  
Finally, this thesis identifies various organisational and operational areas that have 
been continuing to create conflicts between different tiers of governments and freight 
industry in undertaking the freight task. Over the past these conflicts have been 
resulting in significant work stoppages such as 1998 Australian Waterfront Dispute. 
Throughout this thesis various recommendations have been provided to avoid these 
clashes in future. This study suggests that dedicated research is required to 
exclusively focus on the roots of conflicts from policy and operational perspectives.        
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4.3.2 Methodological, theoretical and academic contributions 
Firstly, this thesis contributes to the stakeholder management and rail transportation 
literature by developing the concept of rail stakeholders. This concept is important as 
it guides empirical rail transport research in future where participation of 
stakeholders is required. Furthermore, as the rail freight transportation is an emerging 
area, the concept of rail stakeholders developed in this thesis will assist future studies 
to better explore the rail freight sector and the roles of different stakeholders.  
Secondly, this study contributes to transportation research and business management 
studies, especially to rail transportation literature. Since intermodal rail transportation 
and policy are emerging topics in intermodal transportation research, this thesis 
assists not only in understanding the factors for the development of intermodal 
freight markets and to increase the share of rail, but also in understanding the factors 
influencing the competitiveness of rail transport in intermodal markets.  
Thirdly, this study contributes to the rail transport research by investigating the 
infrastructural and demand aspects of rail transportation and management. This is 
important achievement as it helps researcher to identify the key factors influencing 
the management of intermodal rail transport. By conducting EFA and CFA and then 
detailed logistical analysis of results, this study demonstrate there is a symbiotic 
relationship between the quality of infrastructure and operational performance. This 
is an important contribution as it provides important insights for policy makers and 
industry to understand the situations where the solution lies in infrastructure 
development/upgrade or greater market activity is required.  
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Fourthly, and most importantly, this thesis contributes to the concept of 
competitiveness and systems management by developing a conceptual framework 
which integrates the systems approach with the competitiveness concept. As many 
organisations aim to gain more control over their activities by structuring their 
boundaries, this theoretical framework will assist researcher to place different 
divisions of an organisations into system elements and link those elements to 
competitiveness attributes. In other words, this approach is beneficial to evaluate the 
competitiveness of an industrial sector by identifying its particular components 
(inputs, processes and outputs) and investigating how these components influence the 
competitiveness.  
Fifthly, this research is the first to identify and explain the relationship between 
infrastructure provision and freight activity. This was achieved by investigating the 
development model of intermodal terminal infrastructure and its sub- in relation to 
rail freight activity. The analysis of this symbiosis nexus revealed that in some 
freight markets greater infrastructure results in additional freight activity, where in 
others it is the additional freight activity or demand that justifies the investment and 
accordingly infrastructure provision. This conceptual approach is a unique 
contribution to the infrastructure research to develop effective infrastructure planning 
and policies in relation to the relevant market conditions.  
Finally, this research contributes to the methodological development of intermodal 
transportation research in the following two ways. Firstly, a systematic literature 
review was adopted in this thesis to identify the key impediments against the 
competitiveness of the Australian rail sector. The use of this type of literature review 
in social science research has been increasing over the last two decades (Thomas et 
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al., 2004; Afzal et al., 2009). However, this methodology has not received enough 
attention in transportation studies and there is no clear indication of the use of this 
approach. Systematic reviews follow a well-defined methodology that reduces bias in 
data collection. It also provides a comprehensive analysis of the literature that 
conventional literature reviews are unable to attain. The use of systematic reviews in 
business management research keeps the researcher on track, but also enhances the 
reliability of the literature review findings. More importantly, traditional literature 
reviews are restricted to literature already known to the researcher, or literature that 
is found by conducting little more than cursory searchers, meaning that the same 
studies are frequently cited which introduces a persistent bias in literature reviews 
(Mallett et al., 2012). However, systematic reviews reduce the bias by applying 
predefined data collections strategies, inclusion and exclusion criteria and meta-
analysis. Particularly in transportations studies, researchers can benefit from this 
advantage by identifying the trending topics and exploring the gaps of research. 
Additionally, the data analysis can be designed in a way to help achieve the research 
objectives. 
Secondly, one of the key concerns when conducting social science research is 
receiving a low response rate that is often associated with studies using surveys as a 
method of data collection. Quite recently, the use of social media such as Facebook, 
and Twitter is increasing among the various population cohorts who constitute the 
target of academic research (McCorkindale & DiStaso, 2014). At the professional 
and industry level, people are increasingly using social media such as LinkedIn to 
liaise with one another and share vital business connections in their respective 
industries. This offers a sublime window of opportunity for researchers to reach the 
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target population under investigation. Likewise, LinkedIn was used in this research 
to identify, filter and contact the respondents. As finding individuals’ contact 
information was not easy to achieve, this approach was beneficial to develop an 
accurate sample and increase the response rate. The approach used in this thesis 
highlights the potential benefits of social media in reaching obscure populations such 
as rail stakeholders. Furthermore, the high response rate (42.2 per cent) achieved 
demonstrates that social media is not only capable of helping researchers to increase 
response rate, but naturally offers a unique opportunity to collect high quality 
information from a network of senior industry professionals who are not easily 
reachable. Therefore, the data collection strategy adopted in this thesis contributes to 
the domain of data collection in social science, particularly in the field of business 
management.  
4.4 RESEARCH LIMITATIONS 
Limitations are an inevitable aspect of all research. Likewise, this research has 
limitations associated with the research strategy. Firstly, in this research a web-based 
questionnaire was used to collect the data required to answer the research questions. 
Therefore, this approach may have had limitations in terms of coverage, software 
reliability and uncertainty about the respondents (Sue & Ritter, 2007; Sakalayen, 
2014). However, given the vast distribution of the target population, time frame and 
limited resources, this approach was critical to bring the Australian rail stakeholders. 
To mitigate the limitations of web-based survey, the survey was carefully designed 
and presented for ease of use by respondents. Also the sampling frame was 
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developed to avoid bias and finally, the innovative use of social media was critical to 
contact participants and achieve a high response rate.   
Secondly, the length of an online survey may have had limitations where some 
respondents skipped the part of questionnaire related to the impact of impediments 
on the FSAs, resulting in a small difference in the size of samples associated with 
RQ2 and RQ3. To avoid incomplete responses, two pathways were established for 
the respondents to skip the sections in which they didn’t have sufficient knowledge. 
Moreover, as the research questions were not interrelated, both samples were 
sufficient to conduct the relevant analysis and this difference did not have any 
adverse impact on the overall research quality and meeting the pre-defined 
objectives.  
Fourthly, this thesis follows a cross-sectional approach, implying that the study was 
conducted in a specific point of time. Accordingly, situation may provide different 
outcomes in a different time-frame. For example, the market conditions, regulation 
and infrastructure quality might be different in a different time and this will provide 
different results.  
Fifthly, when meeting Obj1 (to mathematically examine how the time-based 
attributes of the rail freight service quality can be improved) limited secondary data 
on rail freight was considered as an issue to develop the mathematical model. The 
available data was based on the total travelling time. Terminal operations time was 
not collected separately. Therefore, the developed mathematical model was restricted 
to provide improvement strategies on the total travelling time scenario.  
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Sixthly, there are limitation in regards to availability of data when meeting Obj2, 
Obj3 and Obj4. Paper V which deals with exploring the rail freight sector from a 
transport geography perspective (Obj2) employs several secondary data. This 
investigation employs population distribution as the indicator for non-bulk rail 
freight demand. Although population is a major determinant of intermodal activity, 
in some cases it may provide biased interpretation. This decision was made to due 
unavailability of data on other key sources of demand. The collected data for Papers 
VI which deals with Obj3 also suffered from data availability for Flinders Ports 
(South Australia) and a missing year of rail-related data for Port of Melbourne. This 
in turn slightly weakened the descriptive analysis. In relation to Paper VII (Obj4), the 
number of ports engaged with intermodal activity in Australia was limited to 13. 
Although a high response rate was received from the port mangers, the analysis in 
this paper was limited to descriptive interpretation of data.  
Finally, this thesis has limitation in terms of generalisability. The theoretical 
framework of this thesis can be applied to any freight market where competition 
exists between different transport modes. However, the specific strategies developed 
in this research in terms of transportation management, infrastructure planning and 
policy were made according to the specific market condition, infrastructure quality 
and regulation that exist in Australia. 
4.5 DIRECTIONS FOR FUTURE RESEARCH 
This research provides several directions for future research. Firstly, this thesis 
investigated the view of rail freight sector on the key challenges of various service 
quality attributes. As a future research agenda, the importance of service attributes 
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from the shippers’ and freight forwarders’ perspectives can be empirically studied to 
be integrated with the outcomes of this thesis to provide important implications in 
different ways. This approach will provide valuable information for the rail sector to 
target the poorly performing attributes which demand higher service levels from the 
freight customers. Moreover, it will reveal potential misunderstandings between the 
rail sector and transport market when creating transportation solutions. Finally, this 
integration is important as it creates consensus across the supply chain actors when 
making infrastructure planning and policy decisions. Additionally, as different 
freight corridors have different requirements from the customers, this approach can 
be conducted for different origin-destination routes where there is a potential market 
for rail.   
Secondly, as the key Australian ports are undergoing significant privatisation reform, 
greater commercialisation might bring productivity to the port sector. In contrast, by 
transferring monopoly assets to a private entity this approach could eliminate the 
government funding on port-related rail infrastructure and establish a monopoly 
environment for the new operator. Hence, this thesis suggests it is critical to 
investigate the broader benefits and drawbacks of port privatisation on the future role 
of rail in the Australian port-based container flow. 
Thirdly, the role of efficient below rail infrastructure for service quality and 
enhanced competitiveness was reviewed from a transportation management 
perspective in this research. Track incompatibility in Australia is a significant 
impediment to asset mobility, cost reduction and network integration. Future 
research could be conducted to economically evaluate the cost and benefits of track 
standardisation on the quality of rail freight service in Australia. This in turn will 
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provide important information to the government, freight industry and rail sector in 
particular to make infrastructure (above and below rail) planning decisions. 
Moreover, within this context, future research must be conducted to explore the 
potential markets in which track compatibility will boost the demand for rail 
transport.  
Fourthly, subject to data availability on terminal operation times, this research 
recommends that future optimisation research should be conducted to assess the 
impacts of reducing terminal operations time on the total service time for the key 
origin-destination routes. This will provide important recommendations for the rail 
operators to improve the time-based attributes of the rails service by managing the 
terminal operations.  
Fifthly, this study suggest that research must be undertaken to exclusively compare 
the effectiveness of transport policies for promotion of rail in Europe and North 
America with those currently in place and development in Australia. This will 
provide various learning opportunities for government and industry in Australia to 
make effective decisions in relation to infrastructure planning, investment and 
pricing.  
Finally, considering the future growth in the Australian freight activity, denser urban 
areas and rises in fuel price, this thesis will increase the research emphasis and 
interest on rail by highlighting its broader benefits to the community and industry, 
including reduced cost of externalities, improved land use, lowered transport cost and 
decreased congestion. As is apparent from international (mainly Europe and North 
America), greater use of rail is necessary for Australia to meet the future challenges.  
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APPENDIX E – Paper II Statistical Details 
Exploratory Factor Analysis – The SPSS output 
Table E2 – Communalities (Principal Component Analysis extraction)  
 Initial Extraction 
C.2 1.000 .621 
C.4 1.000 .561 
C.7 1.000 .727 
C.9 1.000 .837 
C.10 1.000 .699 
C.16 1.000 .706 
C.18 1.000 .848 
C.19 1.000 .779 
C.24 1.000 .776 
.C.25 1.000 .802 
C.26 1.000 .722 
C.27 1.000 .835 
C.11 1.000 .726 
C.20 1.000 .477 
 
 
Table E3 –Four-factor (final) unrotated component matrix  
 Component 
1 2 3 4 
C.11  .789 .012 -.058 -.316 
C.7  .780 -.225 .180 -.191 
C.2  .770 .055 -.010 -.160 
C.18  .741 -.246 -.485 .056 
C.10  .721 .303 -.121 -.271 
C.19 .676 -.193 -.420 .329 
C.4 .647 -.227 .290 -.087 
C.25  .641 -.206 .495 .322 
C.16  .634 -.399 -.373 .079 
C.27 .630 .543 .177 .332 
C.9  .628 .377 .069 -.544 
C.24  .550 -.476 .486 .102 
C.20  .529 .254 -.157 .329 
C.26 .486 .616 .074 .318 
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Confirmatory Factor Analysis – The AMOS output 
Tables E4 – Original model findings 
Model Fit Summary 
CMIN 
Model NPAR CMIN DF P CMIN/DF 
Default model 34 133.153 71 .000 1.875 
Saturated model 105 .000 .000 
 
  
Independence model 14 677.614 91 .000 7.446 
 
RMR, GFI 
Model RMR GFI AGFI PGFI 
Default model 0.184 0.83 0.749 0.561 
Saturated model .000 1 
 
  
Independence model 0.886 0.308 0.201 0.267 
 
Baseline Comparisons 
Model NFI RFI IFI TLI CFI 
Delta1 rho1 Delta2 rho2 
Default model 0.803 0.748 0.898 0.864 0.894 
Saturated model 1  1  1 
Independence model .000 .000 .000 .000 .000 
 
Parsimony – Adjusted Measure 
Model PRATIO PNFI PCFI 
Default model 0.78 0.627 0.698 
Saturated model 0 0 0 
Independence model 1 0 0 
 
NCP 
Model NCP LO 90 HI 90 
Default model 62.153 33.486 98.636 
Saturated model .000 .000 .000 
Independence model 586.614 507.604 673.099 
 
FMIN 
Model FMIN F0 LO 90 HI 90 
Default model 1.604 0.749 0.403 1.188 
Saturated model .000 .000 .000 .000 
Independence model 8.164 7.068 6.116 8.11 
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RMSEA 
Model RMSEA LO 90 HI 90 PCLOSE 
Default model 0.103 0.075 0.129 0.002 
Independence model 0.279 0.259 0.299 .000 
 
AIC 
Model AIC BCC BIC CAIC 
Default model 201.153 216.153 283.801 317.801 
Saturated model 210 256.324 465.236 570.236 
Independence model 705.614 711.79 739.645 753.645 
 
ECVI 
Model ECVI LO 90 HI 90 MECVI 
Default model 2.424 2.078 2.863 2.604 
Saturated model 2.53 2.53 2.53 3.088 
Independence model 8.501 7.549 9.543 8.576 
 
Hoelter 
Model HOELTER HOELTER 
0.05 0.01 
Default model 58 64 
Independence model 14 16 
 
Assessment of Normality 
Variable Min Max Skew C.R. Kurtosis C.R. 
I25 1 7 -0.614 -2.299 0.068 0.128 
I24 1 7 -0.537 -2.008 -0.338 -0.632 
I16 1 7 -0.772 -2.889 0.108 0.201 
I9 1 7 -0.596 -2.229 -0.305 -0.571 
I20 1 7 -0.653 -2.442 0.352 0.659 
I27 1 7 -0.599 -2.24 0.105 0.197 
I26 1 7 -0.418 -1.564 -0.642 -1.2 
I4 1 7 -0.652 -2.441 -0.493 -0.922 
I7 1 7 -1.048 -3.922 0.605 1.131 
I19 1 7 -0.52 -1.947 0.486 0.91 
I18 1 7 -0.616 -2.304 0.064 0.12 
I2 1 7 -1.198 -4.481 1.664 3.114 
I11 1 7 -0.632 -2.365 0.001 0.002 
I10 1 7 -1.159 -4.337 0.944 1.766 
Multivariate         51.677 11.188 
 
 
 294 
 
Tables E5 – Final model findings 
Model Fit Summary 
CMIN 
Model NPAR CMIN DF P CMIN/DF 
Default model 25 19.715 20 0.476 0.986 
Saturated model 45 .000 .000 
 
  
Independence model 9 386.038 36 .000 10.723 
 
RMR, GFI 
Model RMR GFI AGFI PGFI 
Default model 0.098 0.951 0.891 0.423 
Saturated model .000 1 
 
  
Independence model 0.914 0.375 0.218 0.3 
 
Baseline Comparisons 
Model NFI RFI IFI TLI CFI 
Delta1 rho1 Delta2 rho2 
Default model 0.949 0.908 1.001 1.001 1 
Saturated model 1  1  1 
Independence model .000 .000 .000 .000 .000 
 
Parsimony – Adjusted Measure 
Model PRATIO PNFI PCFI 
Default model 0.556 0.527 0.556 
Saturated model .000 .000 .000 
Independence model 1 .000 .000 
 
NCP 
Model NCP LO 90 HI 90 
Default model .000 .000 14.34 
Saturated model .000 .000 .000 
Independence model 350.038 290.61 416.923 
 
FMIN 
Model FMIN F0 LO 90 HI 90 
Default model 0.238 .000 .000 0.173 
Saturated model .000 .000 .000 .000 
Independence model 4.651 4.217 3.501 5.023 
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RMSEA 
Model RMSEA LO 90 HI 90 PCLOSE 
Default model .000 .000 0.093 0.7 
Independence model 0.342 0.312 0.374 .000 
 
AIC 
Model AIC BCC BIC CAIC 
Default model 69.715 76.564 130.485 155.485 
Saturated model 90 102.329 199.387 244.387 
Independence model 404.038 406.504 425.916 434.916 
 
ECVI 
Model ECVI LO 90 HI 90 MECVI 
Default model 0.84 0.843 1.016 0.922 
Saturated model 1.084 1.084 1.084 1.233 
Independence model 4.868 4.152 5.674 4.898 
 
Hoelter 
Model HOELTER HOELTER 
0.05 0.01 
Default model 133 159 
Independence model 11 13 
 
Assessment of Normality 
Variable Min Max Skew C.R. Kurtosis C.R. 
I27 1 7 -0.599 -2.24 0.105 0.197 
I26 1 7 -0.418 -1.564 -0.642 -1.2 
I4 1 7 -0.652 -2.441 -0.493 -0.922 
I7 1 7 -1.048 -3.922 0.605 1.131 
I19 1 7 -0.52 -1.947 0.486 0.91 
I18 1 7 -0.616 -2.304 0.064 0.12 
I2 1 7 -1.198 -4.481 1.664 3.114 
I11 1 7 -0.632 -2.365 0.001 0.002 
I10 1 7 -1.159 -4.337 0.944 1.766 
Multivariate         25.238 8.219 
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Table E1 – Descriptive statistics of the item 
Item 
number N Minimum Maximum Mean 
Std. 
Deviation Skewness Kurtosis 
C.1 84 1.00 7.00 5.4286 1.48312 -1.163 .949 
C.2 84 1.00 7.00 5.3452 1.37529 -1.220 1.843 
C.3 84 1.00 7.00 5.0714 1.51129 -.875 .409 
C.4 84 1.00 7.00 4.3810 1.74179 -.664 -.449 
C.5 84 1.00 7.00 4.8571 1.62171 -.996 .275 
C.6 84 1.00 7.00 4.6310 1.55059 -.569 -.323 
C.7 84 1.00 7.00 4.7024 1.49521 -1.067 .717 
C.8 84 1.00 7.00 3.8214 1.62926 -.184 -.614 
C.9 84 1.00 7.00 4.7262 1.66720 -.607 -.249 
C.10 84 1.00 7.00 5.3690 1.50325 -1.180 1.078 
C.11 84 1.00 7.00 4.7381 1.47362 -.644 .076 
C.12 84 1.00 7.00 4.8333 1.72042 -.695 -.037 
C.13 84 1.00 7.00 5.3571 1.32304 -1.330 2.434 
C.14 84 1.00 7.00 5.1905 1.49276 -.936 .686 
C.15 84 1.00 7.00 4.6786 1.49828 -.663 .380 
C.16 84 1.00 7.00 4.8690 1.60406 -.786 .189 
C.17 84 1.00 7.00 4.9643 1.52447 -.754 .353 
C.18 84 1.00 7.00 4.7381 1.48177 -.627 .143 
C.19 84 1.00 7.00 4.6190 1.28855 -.530 .592 
C.20 84 1.00 7.00 4.9167 1.45791 -.665 .449 
C.21 84 1.00 7.00 4.8810 1.35686 -.431 .295 
C.22 84 1.00 7.00 5.0238 1.41401 -.803 .475 
C.23 84 1.00 7.00 5.0238 1.52865 -1.181 .982 
C.24 84 1.00 7.00 4.6429 1.57268 -.546 -.284 
C.25 84 1.00 7.00 4.8690 1.48713 -.626 .148 
C.26 84 1.00 7.00 4.8333 1.72741 -.426 -.607 
C.27 84 1.00 7.00 4.7619 1.58014 -.610 .187 
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APPENDIX F – Paper III Statistical Details  
 
Tables F1 – Communalities of four EFA tests with Principal Component Analysis 
Freight rate 
 Initial Extraction 
C.5 1.000 .751 
C.7 1.000 .832 
C.8 1.000 .679 
C.10 1.000 .728 
C.9 1.000 .601 
C.12 1.000 .722 
C.21 1.000 .611 
C.26 1.000 .731 
C.27 1.000 .670 
C.1 1.000 .872 
C.2 1.000 .736 
C.20 1.000 .744 
 
Transit time 
 Initial Extraction 
C.5 1.000 .661 
C.7 1.000 .696 
C.26 1.000 .588 
C.27 1.000 .674 
C.10 1.000 .746 
C.9 1.000 .875 
C.12 1.000 .636 
C.15 1.000 .651 
C.1 1.000 .758 
C.2 1.000 .710 
C.3 1.000 .695 
C.6 1.000 .768 
C.8 1.000 .754 
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Reliability 
 Initial Extraction 
C.9 1.000 .700 
C.12 1.000 .835 
C.13 1.000 .746 
C.14 1.000 .686 
C.18 1.000 .841 
C.19 1.000 .757 
C.5 1.000 .814 
C.23 1.000 .731 
C.27 1.000 .728 
C.1 1.000 .775 
C.2 1.000 .733 
C.10 1.000 .643 
C.26 1.000 .481 
C.11 1.000 .577 
 
Service availability 
 Initial Extraction 
C.1 1.000 .795 
C.2 1.000 .716 
C.5 1.000 .771 
C.9 1.000 .750 
C.10 1.000 .716 
C.12 1.000 .837 
C.13 1.000 .746 
C.14 1.000 .688 
C.18 1.000 .868 
C.19 1.000 .734 
C.26 1.000 .575 
C.27 1.000 .772 
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Tables F2 - The SPSS output of unrotated component matrices 
Freight rate 
 
Component 
1 2 3 4 
C.10 .783 .046 -.247 -.229 
C.7 .690 .527 -.277 .045 
C.9 .669 -.223 .126 -.298 
C.12 .641 -.255 .365 -.337 
C.27 .639 -.342 -.162 .345 
C.20 .632 -.332 .121 .468 
C.5 .611 .515 -.255 .216 
C.8 .552 .240 -.530 -.190 
C.2 .512 .497 .476 .024 
C.21 .508 -.393 .093 -.435 
C.26 .500 -.604 -.068 .334 
C.1 .380 .375 .749 .162 
 
Transit time 
 Component 
1 2 3 4 
C.7 .765 -.135 -.298 .059 
C.3 .712 -.226 .336 -.155 
C.8 .705 .318 -.210 -.334 
C.5 .669 -.352 -.294 .056 
C.26 .641 -.368 -.186 -.089 
C.2 .632 -.240 .497 -.075 
C.27 .579 -.398 -.411 .109 
C.9 .556 .716 -.014 .230 
C.12 .380 .683 .150 .053 
C.15 .467 .530 .114 .373 
C.1 .411 -.244 .706 -.177 
C.10 .583 -.219 .121 .587 
C.6 .529 .409 -.164 -.542 
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Reliability 
 Component 
1 2 3 4 
C.27 .797 -.161 -.218 -.143 
C.18 .772 -.224 .349 -.270 
C.23 .709 -.362 .146 -.277 
C.5 .696 -.261 -.501 .103 
C.19 .679 -.390 .231 -.300 
C.26 .653 -.042 -.220 -.074 
C.14 .629 .500 .178 -.087 
C.10 .616 -.141 -.325 .371 
C.11 .577 .125 -.476 .042 
C.12 .461 .778 .081 .103 
C.9 .334 .735 -.189 .111 
C.13 .482 .583 .340 -.242 
C.1 .386 -.252 .463 .590 
C.2 .546 -.103 .333 .560 
 
Service availability 
 Component 
1 2 3 4 
C.27 .783 -.231 -.294 -.138 
C.18 .766 -.239 .230 -.413 
C.26 .674 -.135 -.293 -.128 
C.14 .669 .472 .089 -.104 
C.5 .646 -.344 -.443 .199 
C.19 .642 -.390 .134 -.391 
C.10 .600 -.213 -.277 .485 
C.2 .583 -.174 .446 .384 
C.12 .514 .741 .058 .142 
C.9 .399 .683 -.266 .232 
C.13 .507 .598 .243 -.269 
C.1 .401 -.291 .626 .397 
 
 
 
 
 301 
 
REFERENCES 
 
ABS. 2015. Type of Access Connection [Online]. Australian Bureau of Statistics 
Available: http://www.abs.gov.au/ausstats/abs@.nsf/mf/8153.0/ [Accessed 
18/12/2015 2015]. 
Afzal, W., Torkar, R. and Feldt, R. 2009, 'A systematic review of search-based 
testing for non-functional system properties', Information and Software 
Technology, Vol. 51, no. 6,  pp. 957-976. 
Ahern, N. R. 2005, 'Using the internet to conduct researchresearch', Nurse 
Researcher, Vol. 13, no. 2,  pp. 55-70. 
Allen, J., Browne, M. and Woodburn, A. G. 2010. Integrated transport policy in 
freight transport. In: Givoni, M. & benister, D. (eds.) Integrated Transport: 
From Policy to Practice. Routledge, Hoboken NJ. 
Almotairi, B. 2012. Integrated Logistics Platform. Doctor of Philosophy Thesis, 
Chalmers University of Technology, Göteborg, Sweden. 
Andrews, D., Nonnecke, B. and Preece, J. 2003, 'Electronic survey methodology: A 
case study in reaching hard-to-involve Internet users', International Journal 
of Human-Computer Interaction, Vol. 16, no. 2,  pp. 185-210. 
Antony, J. P. and Bhattacharyya, S. 2010, 'Measuring organizational performance 
and organizational excellence of SMEs-Part 1: a conceptual framework', 
Measuring Business Excellence, Vol. 14, no. 2,  pp. 3-11. 
Aquino, N. R. 1991, 'Constant improvement: a strategic imperative', Business and 
Economic Review, Vol. 37, no. 4,  pp. 18-21. 
ARA, 2010, Submission to Infrastructure Australia's National Freight Network Plan, 
Australasian Railway Association, Barton, ACT. 
Arencibia, A. I., Feo-Valero, M., García-Menéndez, L. and Román, C. 2015, 
'Modelling mode choice for freight transport using advanced choice 
experiments', Transportation Research Part A: Policy and Practice, Vol. 75, 
no. 1,  pp. 252-267. 
Aronson, D. 1996. Overview of systems thinking [Online]. Available: 
http://www.thinking.net/Systems_Thinking/OverviewSTarticle.pdf [Accessed 
12/5 2015]. 
 302 
 
ARTC, 2015, Inland Rail, Australian Rail Track Corporation, Adelaide, SA. 
Arvanitoyannis, I. S. and Varzakas, T. H. 2007, 'Application of failure mode and 
effect analysis (FMEA), cause and effect analysis and Pareto diagram in 
conjunction with HACCP to a potato chips manufacturing plant', 
International Journal of Food Science & Technology, Vol. 42, no. 12,  pp. 
1424-1442. 
Australian Government, 2007, National Statement on Ethical Conduct in Human 
Research, National Health and Medical Research Council, Canberra, ACT. 
Baruch, Y. and Holtom, B. C. 2008, 'Survey response rate levels and trends in 
organizational research', Human Relations, Vol. 61, no. 8,  pp. 1139-1160. 
Bassili, J. N. and Scott, B. S. 1996, 'Response latency as a signal to question 
problems in survey research', Public Opinion Quarterly, Vol. 60, no. 3,  pp. 
390-399. 
Behrends, S. 2012, 'The significance of the urban context for the sustainability 
performance of intermodal road-rail transport', Procedia-Social and 
Behavioral Sciences, Vol. 54, no. 1,  pp. 375-386. 
Behrens, C. and Pels, E. 2012, 'Intermodal competition in the London–Paris 
passenger market: High-speed rail and air transport', Journal of Urban 
Economics, Vol. 71, no. 3,  pp. 278-288. 
Bergantino, A. S., Bierlaire, M., Catalano, M., Migliore, M. and Amoroso, S. 2013, 
'Taste heterogeneity and latent preferences in the choice behaviour of freight 
transport operators', Transport Policy, Vol. 30, no. 1,  pp. 77-91. 
Bergantino, A. S. and Bolis, S. 2008, 'Monetary values of transport service attributes: 
land versus maritime ro-ro transport: An application using adaptive stated 
preferences', Maritime Policy and Management, Vol. 35, no. 2,  pp. 159-174. 
Berrien, F. K. 1976. A general systems approach to organizations. In: Dunnette, M. 
D. & Hough, L. M. (eds.) Handbook of Industrial and Organizational 
Psychology. Rand McNally College Publishing, Chicagi, IL. 
Bessant, J., Caffyn, S., Gilbert, J., Harding, R. and Webb, S. 1994, 'Rediscovering 
continuous improvement', Technovation, Vol. 14, no. 1,  pp. 17-29. 
Bethlehem, J. and Biffignandi, S. 2011. Handbook of Web Surveys, John Wiley & 
Sons, Hoboken, NJ. 
 303 
 
Beuthe, M. 2007. Intermodal freight transport in Europe. In: Leinbach, T. & 
Capineri, C. (eds.) Globalized Freight Transport: Intermodality, E-
commerce, Logistics and Sustainability. Edward Elgar, Cheltenham , UK. 
Bezat-Jarzębowska, A. and Rembisz, W. 2013, 'Efficiency-focused economic 
modeling of competitiveness in the agri-food sector', Procedia-Social and 
Behavioral Sciences, Vol. 81, no. 1,  pp. 359-365. 
BITRE, 2013, Australian Infrastructure Statistics Yearbook 2013, Bureau of 
Infrastructure, Transport and Regional Economics, Canberra, ACT. 
BITRE, 2014a, Freightline1, Bureau of Infrastructure, Transport and Regional 
Economics, Canberra, ACT. 
BITRE, 2010, Multimodal Interstate Freight in Australia, Bureau of Infrastructure, 
Transport and Regional Economics, Canberra, ACT. 
BITRE, 2009, Road and Rail Freight: Competitors or Complements?, Bureau of 
Infrastructure, Transport and Regional Economics, Canberra, ACT. 
BITRE, 2012, Trainline1, Bureau of Infrastructure, Transport and Regional 
Economics, Canberra, ACT. 
BITRE, 2014b, Trainline2, Bureau of Infrastructure, Transport and Regional 
Economics, Canberra, ACT. 
Blair, J., Czaja, R. F. and Blair, E. A. 2013. Designing Surveys: A Guide to Decisions 
and Procedures, Sage Publications, Thousand Oaks, CA. 
Bolis, S. and Maggi, R. 1998, 'Adaptive stated preference analysis of shippers' 
transport and logistics choice', 38th Congress of the European Regional 
Science Association, Vienna, Austria. 
Bontekoning, Y., Macharis, C. and Trip, J. 2004, 'Is a new applied transportation 
research field emerging?––A review of intermodal rail–truck freight transport 
literature', Transportation Research Part A: Policy and Practice, Vol. 38, no. 
1,  pp. 1-34. 
Booz & Co, 2008a, Capacity Constraints and Supply Chain Performance – 
Intermodal 1, National Transport Commission, Melbourne, VIC. 
Booz & Co, 2008b, Capacity Constraints and Supply Chain Performance – 
Intermodal 2, National Transport Commission, Melbourne, VIC. 
 304 
 
Boyatzis, R. E. 1998. Transforming Qualitative Information: Thematic Analysis and 
Code Development, Sage Publications, Thousand Oaks, CA. 
Braun, V. and Clarke, V. 2006, 'Using thematic analysis in psychology', Qualitative 
Research in Psychology, Vol. 3, no. 2,  pp. 77-101. 
Brereton, P., Kitchenham, B. A., Budgen, D., Turner, M. and Khalil, M. 2007, 
'Lessons from applying the systematic literature review process within the 
software engineering domain', Journal of Systems and Software, Vol. 80, no. 
4,  pp. 571-583. 
Brooks, M. R., Puckett, S. M., Hensher, D. A. and Sammons, A. 2012, 
'Understanding mode choice decisions: a study of Australian freight shippers', 
Maritime Economics & Logistics, Vol. 14, no. 3,  pp. 274-299. 
Brown, T. and Hatch, A., 2002, The Value of Rail Intermodal to the US Economy, 
Strategic Directions LLC, Alexandria, VA. 
Bryman, A. and Bell, E. 2011. Business Research Methods, Oxford University Press, 
Oxford, UK. 
Buehler, R. 2011, 'Determinants of transport mode choice: a comparison of Germany 
and the USA', Journal of Transport Geography, Vol. 19, no. 4,  pp. 644-657. 
Cantos, P. and Maudos, J. 2001, 'Regulation and efficiency: the case of European 
railways', Transportation Research Part A: Policy and Practice, Vol. 35, no. 
5,  pp. 459-472. 
Cetin, C. K. and Cerit, A. G. 2010. Organisational change and effectiveness  in 
seaports from a system viewpoint. In: Grammenos, C. T. H. (ed.) The 
Handbook of Maritime Economics and Business. Lloyd's List, London, UK. 
Cetindamar, D. and Kilitcioglu, H. 2013, 'Measuring the competitiveness of a firm 
for an award system', Competitiveness Review: An International Business 
Journal, Vol. 23, no. 1,  pp. 7-22. 
Charlton, B. G. and Andras, P. 2003, 'What is management and what do managers 
do? A systems theory account', Philosophy of Management, Vol. 3, no. 3,  pp. 
3-15. 
Chikán, A. and Chikán, A. 2008, 'National and firm competitiveness: a general 
research model', Competitiveness Review: An International Business Journal, 
Vol. 18, no. 1/2,  pp. 20-28. 
 305 
 
Childerhouse, P., Deakins, E., Böhme, T., Towill, D. R., Disney, S. M. and 
Banomyong, R. 2011, 'Supply chain integration: an international comparison 
of maturity', Asia Pacific Journal of Marketing and Logistics, Vol. 23, no. 4,  
pp. 531-552. 
Christensen, A. I., Ekholm, O., Glümer, C. and Juel, K. 2013, 'Effect of survey mode 
on response patterns: comparison of face-to-face and self-administered modes 
in health surveys', The European Journal of Public Health, Vol., no.  pp. 1-6. 
Collier, D. and Mahoney, J. 1996, 'Insights and pitfalls: Selection bias in qualitative 
research', World Politics, Vol. 49, no. 1,  pp. 56-91. 
Collins, K. M., Onwuegbuzie, A. J. and Jiao, Q. G. 2007, 'A mixed methods 
investigation of mixed methods sampling designs in social and health science 
research', Journal of Mixed Methods Research, Vol. 1, no. 3,  pp. 267-294. 
Company360. 2014. Company360 Business Directory [Online]. Australia. Available: 
http://www.company360.com.au/index.aspx. 
Cooper, D. and Schindler, P. 2003. Business Research Methods, McGraw-Hill, New 
York, NY. 
Cornwall, A. and Jewkes, R. 1995, 'What is participatory research?', Social Science 
& Medicine, Vol. 41, no. 12,  pp. 1667-1676. 
Corrado, C., Hulten, C. and Sichel, D. 2009, 'Intangible capital and US economic 
growth', Review of Income and Wealth, Vol. 55, no. 3,  pp. 661-685. 
Corry, P. and Kozan, E. 2006, 'A decision support system for intermodal train 
planning', Proceedings of the Second International Intelligent Logistics 
Systems Conference Brisbane, QLD. 
Couillard, C. and Turkina, E. 2014, 'Trade Liberalisation: The effects of free trade 
agreements on the competitiveness of the dairy sector', The World Economy, 
Vol. 38, no. 6,  pp. 1015-1033. 
Couper, M. P. 2011, 'The future of modes of data collection', Public Opinion 
Quarterly, Vol. 75, no. 5,  pp. 889-908. 
Couper, M. P., Traugott, M. W. and Lamias, M. J. 2001, 'Web survey design and 
administration', Public Opinion Quarterly, Vol. 65, no. 2,  pp. 230-253. 
 306 
 
Crawford, S., McCabe, S. E. and Pope, D. 2005, 'Applying web-based survey design 
standards', Journal of Prevention & Intervention in the Community, Vol. 29, 
no. 1-2,  pp. 43-66. 
Creswell, J. W. 2012. Educational Research: Planning, Conducting, and Evaluating 
Quantitative and Qualitative Research, Pearson, Boston, MA. 
Creswell, J. W. 2013. Research Design: Qualitative, Quantitative, and Mixed 
Methods Approaches, Sage Publications, Thousand Oaks, CA. 
Creswell, J. W. and Clark, V. L. P. 2011. Designing and Conducting Mixed Methods 
Research, Sage Publications, Thousand Oaks, CA. 
Crozet, Y. 2004, 'European railway infrastructure: towards a convergence of 
infrastructure charging?', International Journal of Transport Management, 
Vol. 2, no. 1,  pp. 5-15. 
CSIRO, 2005, The Integration of Rail and Road Freight Transport and their 
Interface with Ports, Commonwealth Scientific and Industrial Research 
Organisation, North Ryde, NSW. 
Curran, P. J., West, S. G. and Finch, J. F. 1996, 'The robustness of test statistics to 
nonnormality and specification error in confirmatory factor analysis', 
Psychological Methods, Vol. 1, no. 1,  pp. 16-29. 
Dablanc, L. 2009, 'Regional policy issues for rail freight services', Transport Policy, 
Vol. 16, no. 4,  pp. 163-172. 
Daniel, J. 2011. Sampling Essentials: Practical Guidelines for Making Sampling 
Choices, Sage Publications, Thousand Oaks, CA. 
Deloitte Access Economics, 2011, The True Value of Rail, Australasian Railway 
Association, Barton ACT. 
Dimairo, M., Boote, J., Julious, S. A., Nicholl, J. P. and Todd, S. 2015, 'Missing 
steps in a staircase: a qualitative study of the perspectives of key stakeholders 
on the use of adaptive designs in confirmatory trials', Trials, Vol. 16, no. 1,  
pp. 1-16. 
Dubey, R., Singh, T., Samar Ali, S., Venkatesh, V. and K. Gupta, O. 2014, 
'Exploring dimensions of firm competencies and their impact on 
performance: Some exploratory empirical results', Benchmarking: An 
International Journal, Vol. 21, no. 6,  pp. 1003-1022. 
 307 
 
Duflou, J. R., Sutherland, J. W., Dornfeld, D., Herrmann, C., Jeswiet, J., Kara, S., 
Hauschild, M. and Kellens, K. 2012, 'Towards energy and resource efficient 
manufacturing: A processes and systems approach', CIRP Annals-
Manufacturing Technology, Vol. 61, no. 2,  pp. 587-609. 
Dwivedi, Y. K. 2009. Handbook of Research on Contemporary Theoretical Models 
in Information Systems, IGI Global, Hershey, PA. 
Easterby-Smith, M., Thrope, R. and Lowe, A. 1991. Management Research: An 
Introduction, Sage Publications, Thousand Oaks, CA. 
Ennis, C. D. 1999, 'A theoretical framework: The central piece of a research plan', 
Journal of Teaching in Physical Education, Vol. 18, no. 2,  pp. 129-140. 
Erjavec, J. and Thompson, R. 2014. Automotive Technology: a Systems Approach, 
Cengage Learning, Boston, MA. 
European Commission, 2006, Keep Europe Moving: Sustainable mobility for Our 
Continent. Mid-term Review of the European Commission's 2001 Transport 
White Paper, Brussels, Belgium. 
European Commission, 2011, Roadmap to a Single European Transport Area–
Towards a Competitive and Resource Efficient Transport System, European 
Commission, Brussels, Belgium. 
Eurostat, 2015, Freight Transport Statistics, European Commission, Brussels, 
Belgium.  
Evan, W. M. 1976. Organisation theory and organisational effectiveness: a 
preliminary analysis. Organisational Effectiveness: Theory Utilisation 
Research. Kent State University Press, Kent, USA. 
Everett, S. 2006, 'Deregulation and reform of rail in Australia: Some emerging 
constraints', Transport Policy, Vol. 13, no. 1,  pp. 74-84. 
Everett, S. 2005, 'Jurisdictional and constraints on effective competition: the case of 
rail access regimes', Australian Journal of Public Administration, Vol. 64, no. 
4,  pp. 90-98. 
Feitelson, E. 1994, 'The potential of rail as an environmental solution: Setting the 
agenda', Transportation Research Part A: Policy and Practice, Vol. 28, no. 3,  
pp. 209-221. 
 308 
 
Feurer, R. and Chaharbaghi, K. 1994, 'Defining competitiveness: a holistic approach', 
Management Decision, Vol. 32, no. 2,  pp. 49-58. 
Figiel, S. and Kufel, J. 2013, 'Macroeconomic Performance and International 
Competitiveness of the Agro-food Sectors in the EU Countries: Implications 
for the Future CAP', Procedia-Social and Behavioral Sciences, Vol. 81, no. 
1,  pp. 405-410. 
Flodén, J., Bärthel, F. and Sorkina, E. 2010, 'Factors influencing transport buyer’s 
choice of transport service–A European literature review', The 12th WCTR 
Proceedings, Lisbon, Portugal. 
Fricker, R. D. 2008. Sampling methods for web and e-mail surveys. In: Fielding, N., 
Lee, R. & Blank, G. (eds.) Handbook of Online Research Methods. Sage 
Publications, Thousand Oaks, CA. 
Garfield, E. 1973, 'Citation frequency as a measure of research activity and 
performance', Essays of an Information Scientist, Vol. 1, no. 1,  pp. 406-408. 
Garner, J. T. 2015, 'Different ways to disagree A study of organizational dissent to 
explore connections between mixed methods research and engaged 
scholarship', Journal of Mixed Methods Research, Vol. 9, no. 2,  pp. 178-195. 
Gil, M. Á. and González-Rodríguez, G. 2012. Fuzzy vs. Likert scale in statistics. 
Combining Experimentation and Theory. Springer,  
Gilkinson, N. and Dangerfield, B. 2013, 'Some results from a system dynamics 
model of construction sector competitiveness', Mathematical and Computer 
Modelling, Vol. 57, no. 9,  pp. 2032-2043. 
Grosso, M. 2011, 'Variables influencing transport mode choice: a generalized costs 
approach', Società Italiana di Economia dei Trasporti e della Logistica - XIII 
Riunione Scientifica, Messina, Italy. 
Healy, M. and Perry, C. 2000, 'Comprehensive criteria to judge validity and 
reliability of qualitative research within the realism paradigm', Qualitative 
Market Research: An International Journal, Vol. 3, no. 3,  pp. 118-126. 
Hensher, D. A., Truong, T. P., Mulley, C. and Ellison, R. 2012, 'Assessing the wider 
economy impacts of transport infrastructure investment with an illustrative 
application to the North-West Rail Link project in Sydney, Australia', Journal 
of Transport Geography, Vol. 24, no. 1,  pp. 292-305. 
 309 
 
Hesse, M. and Rodrigue, J.-P. 2004, 'The transport geography of logistics and freight 
distribution', Journal of Transport Geography, Vol. 12, no. 3,  pp. 171-184. 
Infrastructure Australia, 2011, National Land Freight Strategy, Australian 
Government, Canberra, ACT. 
Jabareen, Y. R. 2009, 'Building a conceptual framework: philosophy, definitions, and 
procedure', International Journal of Qualitative Methods, Vol. 8, no. 4,  pp. 
49–62. 
Johnson, R. B., Onwuegbuzie, A. J. and Turner, L. A. 2007, 'Toward a definition of 
mixed methods research', Journal of Mixed Methods Research, Vol. 1, no. 2,  
pp. 112-133. 
Kaas, A. 2000, 'Punctuality model for railways', International Conference on 
Computers in Railways, Bologne, Italy. 
Kaimakoudi, E., Polymeros, K. and Batzios, C. 2014, 'Investigating export 
performance and competitiveness of Balkan and eastern European fisheries 
sector', Procedia Economics and Finance, Vol. 9, no. 1,  pp. 219-230. 
Kamakaté, F. and Schipper, L. 2009, 'Trends in truck freight energy use and carbon 
emissions in selected OECD countries from 1973 to 2005', Energy Policy, 
Vol. 37, no. 10,  pp. 3743-3751. 
Kanafani, A., Wang, R. and Griffin, A. 2012, 'The economics of speed – assessing 
the performance of high speed rail in intermodal transportation', Procedia - 
Social and Behavioral Sciences, Vol. 43, no. 1,  pp. 692-708. 
Kaput, J., van Ommen, B., Kremer, B., Priami, C., Monteiro, J. P., Morine, M., 
Pepping, F., Diaz, Z., Fenech, M. and He, Y. 2014, 'Consensus statement 
understanding health and malnutrition through a systems approach: the 
ENOUGH program for early life', Genes & nutrition, Vol. 9, no. 1,  pp. 1-9. 
Kast, F. E. and Rosenzweig, J. E. 1972, 'General systems theory: Applications for 
organization and management', Academy of Management Journal, Vol. 15, 
no. 4,  pp. 447-465. 
Kast, F. E. and Rosenzweig, J. E. 1985. Organization And Management: A Systems 
And Contingency Approach, McGraw Hill, New York, NY. 
Katz, D. and Kahn, R. L. 1978. The Social Psychology of Organizations, John Willey 
& Sons Hoboken, NJ. 
 310 
 
Kenett, R. S. 2007. Cause and Effect Diagrams, John Wiley & Sons, Hoboken, NJ. 
Kenny, D. A. and McCoach, D. B. 2003, 'Effect of the number of variables on 
measures of fit in structural equation modeling', Structural Equation 
Modeling, Vol. 10, no. 3,  pp. 333-351. 
Kerzner, H. R. 2013. Project Management: a Systems Approach to Planning, 
Scheduling, and Controlling, John Wiley & Sons, Hoboken, NJ. 
Kitchenham, B., Brereton, O. P., Budgen, D., Turner, M., Bailey, J. and Linkman, S. 
2009, 'Systematic literature reviews in software engineering–a systematic 
literature review', Information and Software Technology, Vol. 51, no. 1,  pp. 
7-15. 
Kitchenham, B. A. and Charters, S., 2007, Guidelines for Performing Systematic 
Literature Reviews in Software Engineering, Keele, UK. 
Konings, R. and Ludema, M. 2000, 'The competitiveness of the river–sea transport 
system: market perspectives on the United Kingdom–Germany corridor', 
Journal of Transport Geography, Vol. 8, no. 3,  pp. 221-228. 
Labonté, M.-È., Cyr, A., Baril-Gravel, L., Royer, M. and Lamarche, B. 2012, 
'Validity and reproducibility of a web-based, self-administered food 
frequency questionnaire', European Journal of Clinical Nutrition, Vol. 66, 
no. 2,  pp. 166-173. 
Latruffe, L. 2014, 'Competitiveness in the agricultural sector: measures and 
determinants', Farm Policy Journal, Vol. 11, no. 3,  pp. 9-17. 
Leshem, S. and Trafford, V. 2007, 'Overlooking the conceptual framework', 
Innovations in Education and Teaching International, Vol. 44, no. 1,  pp. 93-
105. 
Littlejohn, S. W. and Foss, K. A. 2010. Theories of Human Communication, Lyn 
Uhl, Belmont, CA. 
Litwak, E. 1956, 'A classification of biased questions', American Journal of 
Sociology, Vol. 62, no. 2,  pp. 182-186. 
Mallett, R., Hagen-Zanker, J., Slater, R. and Duvendack, M. 2012, 'The benefits and 
challenges of using systematic reviews in international development 
research', Journal of Development Effectiveness, Vol. 4, no. 3,  pp. 445-455. 
 311 
 
Markus, K. A. 2012, 'Principles and practice of structural equation modeling', 
Structural Equation Modeling: A Multidisciplinary Journal, Vol. 19, no. 3,  
pp. 509-512. 
Marshall, C. and Rossman, G. B. 2006. Designing Qualitative Research, Sage 
Publications, Thousand Oaks, CA. 
Martin, P. Y. and O'Connor, G. G. 1989. The Social Environment: Open Systems 
Applications, Longman Publishing Group, New York, NY. 
Mason, C. and Simmons, J. 2014, 'Embedding corporate social responsibility in 
corporate governance: A stakeholder systems approach', Journal of Business 
Ethics, Vol. 119, no. 1,  pp. 77-86. 
McCorkindale, T. and DiStaso, M. W. 2014, 'The state of social media research: 
Where are we now, where we were and what it means for public relations', 
Research Journal of the Institute for Public Relations, Vol. 1, no. 1,  pp. 1-17. 
McLoughlin, J. B. 1969. Urban & Regional Planning: a Systems Approach, Faber 
and Faber, London, UK. 
Mees, P. 2003, 'What happened to the systems approach? Evaluation of alternatives 
in planning for major transport projects', Australasian Transport Research 
Forum, Wellington, New Zeeland. 
Meixell, M. J. and Norbis, M. 2008, 'A review of the transportation mode choice and 
carrier selection literature', The International Journal of Logistics 
Management, Vol. 19, no. 2,  pp. 183-211. 
Meyer, M. D. and Miller, E. J. 2001. Urban Transportation Planning: a Decision-
oriented Approach, McGraw-Hill, New York, NY. 
Miles, M. B. and Huberman, A. M. 1994. Qualitative Data Analysis: An Expanded 
Sourcebook, Sage Publications, Thousand Oaks, CA. 
Miller, R. J. and Yang, Y. 1997, 'Association rules over interval data', ACM 
SIGMOD Record, Vol. 26, no. 2,  pp. 452-461. 
Momaya, K. 1998, 'Evaluating international competitiveness at the industry level', 
Vikalpa, Vol. 23, no. 2,  pp. 39-46. 
Monczka, R., Handfield, R., Giunipero, L. and Patterson, J. 2008. Purchasing and 
Supply Chain Management, Cengage Learning, Boston, MA. 
 312 
 
Morash, E. A. and Ozment, J. 1996, 'The strategic use of transportation time and 
reliability for competitive advantage', Transportation Journal, Vol. 36, no. 2,  
pp. 35-46. 
Morse, J. M., Barrett, M., Mayan, M., Olson, K. and Spiers, J. 2008, 'Verification 
strategies for establishing reliability and validity in qualitative research', 
International Journal of Qualitative Methods, Vol. 1, no. 2,  pp. 13-22. 
Murphy, P., Dalenberg, D. and Daley, J. 1988, 'A contemporary perspective of 
international port operations', Transportation Journal, Vol. 28, no. 2,  pp. 23-
32. 
Navickas, V. and Malakauskaite, A. 2015, 'The possibilities for the identification and 
evaluation of tourism sector competitiveness factors', Engineering 
Economics, Vol. 61, no. 1,  pp. 
Notteboom, T. and Winkelmans, W. 2002, 'Stakeholder relations management in 
ports: dealing with the interplay of forces among stakeholders in a changing 
competitive environment', Proceedings of The International Association of 
Maritime Economists (IAME) Conference, Panama, Panama. 
NTC, 2004, Impediments to Improving Efficiency in the Area of Intermodal 
Transport, National Transport Commission, Melbourne, VIC. 
NTC, 2008, Rail Industry Productivity Review: An NTC Initiative, National 
Transport Commission, Melbourne, VIC. 
OECD, 2010, Improving Reliability on Surface Transport Networks, International 
Transport Forum, Paris, France. 
Pallant, J. 2013. SPSS Survival Manual, Allen & Unwin, Crows Nest, NSW. 
Parsons, T. 2013. Social System, Routledge, London, UK. 
Peng, Q., Zhao, J. and Wen, C. 2013, 'A rolling horizon-based decomposition 
algorithm for the railway network train timetabling problem', International 
Journal of Rail Transportation, Vol. 1, no. 3,  pp. 129-160. 
Pickering, C. and Byrne, J. 2014, 'The benefits of publishing systematic quantitative 
literature reviews for PhD candidates and other early-career researchers', 
Higher Education Research & Development, Vol. 33, no. 3,  pp. 534-548. 
PMTGEE, 2010, Report of the Prime Minister's Task Group on Energy Efficiency 
2010, Australian Government, Canberra, ACT. 
 313 
 
Popay, J., Rogers, A. and Williams, G. 1998, 'Rationale and standards for the 
systematic review of qualitative literature in health services research', 
Qualitative Health Research, Vol. 8, no. 3,  pp. 341-351. 
Porter, M. E. 1986. Competition in Global Industries, Harvard Business Press, New 
York, NY. 
Porter, M. E. 1990. The Competitive Advantage of Nations, Free Press, New York, 
NY. 
Porter, M. E. 2008. Competitive Advantage: Creating and Sustaining Superior 
Performance, Simon and Schuster, New York, NY. 
Porter, M. E. 1998. Competitive Strategy: Techniques for Analyzing Industries and 
Competitors Free Press, New York, NY. 
Profillidis, V. A. 2014. Railway Management and Engineering, Ashgate Publishing, 
Brighton, VT. 
Quinn, R. E. and Rohrbaugh, J. 1983, 'A spatial model of effectiveness criteria: 
Towards a competing values approach to organizational analysis', 
Management Science, Vol. 29, no. 3,  pp. 363-377. 
Rao, J. N., Hartley, H. and Cochran, W. 1962, 'On a simple procedure of unequal 
probability sampling without replacement', Journal of the Royal Statistical 
Society: Series B (Methodological), Vol. 24, no. 2,  pp. 482-491. 
Reis, V. 2014, 'Analysis of mode choice variables in short-distance intermodal 
freight transport using an agent-based model', Transportation Research Part 
A: Policy and Practice, Vol. 61, no. 1,  pp. 100-120. 
Richardson, G. P. 1999. Feedback Thought in Social Science and Systems Theory, 
Pegasus Communications, Weslford, MA. 
Riege, A. M. 2003, 'Validity and reliability tests in case study research: a literature 
review with “hands-on” applications for each research phase', Qualitative 
Market Research: An International Journal, Vol. 6, no. 2,  pp. 75-86. 
Rindfleisch, A., Malter, A. J., Ganesan, S. and Moorman, C. 2008, 'Cross-sectional 
versus longitudinal survey research: concepts, findings, and guidelines', 
Journal of Marketing Research, Vol. 45, no. 3,  pp. 261-279. 
Roberts, P., Priest, H. and Traynor, M. 2006, 'Reliability and validity in research', 
Nursing Standard, Vol. 20, no. 44,  pp. 41-45. 
 314 
 
Rodrigue, J.-P., Comtois, C. and Slack, B. 2013. The Geography of Transport 
Systems, Routledge, London, UK. 
Rosenberg, M., Pettigrew, S., Wood, L., Ferguson, R. and Houghton, S. 2012, 'Public 
support for tobacco control policy extensions in Western Australia: a cross-
sectional study', BMJ Open, Vol. 2, no. 2,  pp. e000784. 
Rossi, P. H., Wright, J. D. and Anderson, A. B. 2013. Handbook of survey research, 
Academic Press,  
Rowley, J. 2002, 'Using case studies in research', Management Research News, Vol. 
25, no. 1,  pp. 16-27. 
Rüfenacht, N. 2012. Implicit Embedded Options in Life Insurance Contracts, 
Springer, Berlin, Heidelberg. 
Ryan, A. B. 2006. Post-positivist Approaches to Research. In: Antonesa, M. (ed.) 
Researching and Writing your Thesis: a Guide for Postgraduate Students. 
MACE: Maynooth Adult and Community Education, Maynooth, Ireland. 
Sakalayen, Q. M. H. 2014. The Strategic Role of Australian Regional Ports in 
Regional Development. Doctoral Degree Thesis, University of Tasmania, 
Launceston, TAS. 
Salvatore, D. 2008. Microeconomics: Theory and Applications, Oxford University 
Press, New York , NY. 
Samimi, A., Kawamura, K. and Mohammadian, A. 2011, 'A behavioral analysis of 
freight mode choice decisions', Transportation Planning and Technology, 
Vol. 34, no. 8,  pp. 857-869. 
Santos, B. F., Limbourg, S. and Carreira, J. S. 2015, 'The impact of transport policies 
on railroad intermodal freight competitiveness–The case of Belgium', 
Transportation Research Part D: Transport and Environment, Vol. 34, no. 1,  
pp. 230-244. 
Santos, J. R. A. 1999, 'Cronbach’s alpha: A tool for assessing the reliability of 
scales', Journal of Extension, Vol. 37, no. 2,  pp. 1-5. 
Saunders, M. N., Saunders, M., Lewis, P. and Thornhill, A. 2011. Research Methods 
for Business Students, Pearson Education, New Delhi, India  
Seashore, S. E. 1983. A framework for an integrated model of organisational 
effectiveness. In: Cameron, K. S. & Whetten, D. A. (eds.) Organisational 
 315 
 
Effectiveness: A Comparison of Multiple Models. Academic Press Inc, New 
York, NY. 
Shannon, D. M. and Bradshaw, C. C. 2002, 'A comparison of response rate, response 
time, and costs of mail and electronic surveys', The Journal of Experimental 
Education, Vol. 70, no. 2,  pp. 179-192. 
Shinghal, N. 2005, 'Rail-road competition in freight transportation: price and service 
issues', Economic and Political Weekly, Vol. 40, no. 25,  pp. 2587-2593. 
Shinghal, N. and Fowkes, T. 2002, 'Freight mode choice and adaptive stated 
preferences', Transportation Research Part E: Logistics and Transportation 
Review, Vol. 38, no. 5,  pp. 367-378. 
Shipping Australia, 2011, Metropolitan Intermodal Terminal Study, Shipping 
Australia Limited, Sydney, NSW. 
Simsek, Z. and Veiga, J. F. 2000, 'The electronic survey technique: An integration 
and assessment', Organizational Research Methods, Vol. 3, no. 1,  pp. 93-
115. 
Simsek, Z. and Veiga, J. F. 2001, 'A primer on internet organizational surveys', 
Organizational Research Methods, Vol. 4, no. 3,  pp. 218-235. 
Sinclair, M. 2007, 'Editorial: A guide to understanding theoretical and conceptual 
frameworks', Evidence Based Midwifery, Vol. 5, no. 2,  pp. 39. 
Sölvell, Ö., Gugler, P. and Ketels, C. 2015, 'The Competitive Advantage of Nations> 
25 years-opening up new perspectives on competitiveness', Competitiveness 
Review: An International Business Journal, Vol. 25, no. 5,  pp. 471-481. 
Spychalski, J. C. and Swan, P. F. 2004, 'US rail freight performance under 
downsized regulation', Utilities Policy, Vol. 12, no. 3,  pp. 165-179. 
Sudman, S. and Bradburn, N. M. 1983. Asking questions: A Practical Guide to 
Questionnaire Design, John Wiley & Sons, Hoboken, NJ. 
Sue, V. M. and Ritter, L. A. 2007. Conducting Online Surveys, Sage Publications, 
Thousand Oaks, CA. 
Tashakkori, A. and Teddlie, C. 2010. Sage Handbook of Nixed Methods in Social & 
Behavioral Research, Sage Publications, Thousand Oaks, CA. 
Thomas, J., Harden, A., Oakley, A., Oliver, S., Sutcliffe, K., Rees, R., Brunton, G. 
and Kavanagh, J. 2004, 'Integrating qualitative research with trials in 
 316 
 
systematic reviews', British medical Journal, Vol. 328, no. 7446,  pp. 1010-
1012. 
Thompson, B. 2004. Exploratory and Confirmatory Factor Analysis: Understanding 
Concepts and Applications, American Psychological Association, 
Washington, DC. 
Thompson, J. D. 2011. Organizations in Action: Social Science Bases of 
Administrative Theory, Transaction Publishers, Piscataway, NJ. 
Tipagornwong, C. and Figliozzi, M. 2014, 'Analysis of Competitiveness of Freight 
Tricycle Delivery Services in Urban Areas', Transportation Research 
Record: Journal of the Transportation Research Board, Vol. 24, no. 10,  pp. 
76-84. 
Tolley, R. S. and Turton, B. J. 1995. Transport Systems, Policy and Planning: a 
Geographical Approach, Pearson Education Limited, Essex, UK. 
TRB, 2003, A Concept for a National Freight Data Program, Transportation 
Research Board, Washington, DC. 
Trochim, W. M. 2005. Research methods: The Concise Knowledge Base, Cengage 
Learning, Boston, MA. 
Tsamboulas, D., Vrenken, H. and Lekka, A.-M. 2007, 'Assessment of a transport 
policy potential for intermodal mode shift on a European scale', 
Transportation Research Part A: Policy and Practice, Vol. 41, no. 8,  pp. 
715-733. 
Tuckett, A. G. 2005, 'Applying thematic analysis theory to practice: a researcher’s 
experience', Contemporary Nurse, Vol. 19, no. 1-2,  pp. 75-87. 
Uman, L. S. 2011, 'Systematic reviews and meta-analyses', Journal of the Canadian 
Academy of Child and Adolescent Psychiatry, Vol. 20, no. 1,  pp. 57. 
Vagias, W. M., 2006, Likert-type scale response anchors, Clemson International 
Institute for Tourism & Research Development, Department of Parks, 
Recreation and Tourism Management. Clemson University, Clemson, SC. 
Vaismoradi, M., Turunen, H. and Bondas, T. 2013, 'Content analysis and thematic 
analysis: Implications for conducting a qualitative descriptive study', Nursing 
& Health Sciences, Vol. 15, no. 3,  pp. 398-405. 
 317 
 
Van Wee, B. 2007, 'Rail Infrastructure: Challenges for Cost–Benefit Analysis and 
Other ex ante Evaluations', Transportation Planning and Technology, Vol. 
30, no. 1,  pp. 31-48. 
Visser, J. and Hassall, K. 2010, 'What should be the balance between free markets 
and a not so ‘Invisible Hand’ in urban freight regulation and land use: Dutch 
and Australian experiences', Procedia - Social and Behavioral Sciences, Vol. 
2, no. 3,  pp. 6065-6075. 
Von Bertalanffy, L. 1956. General System Theory, George Braziller, New York, NY. 
Vromans, M. J., Dekker, R. and Kroon, L. G. 2006, 'Reliability and heterogeneity of 
railway services', European Journal of Operational Research, Vol. 172, no. 
2,  pp. 647-665. 
Waheeduzzaman, A. and Ryans, J. K. 1996, 'Definition, perspectives, and 
understanding of international competitiveness: a quest for a common 
ground', Competitiveness Review: An International Business Journal, Vol. 6, 
no. 2,  pp. 7-26. 
Weske, M. 2012. Business Process Management: Concepts, Languages, 
Architectures, Springer Science & Business Media, Berlin, Heidelberg. 
Wildemuth, B. M. 1993, 'Post-positivist research: two examples of methodological 
pluralism', The Library Quarterly, Vol. 63, no. 4,  pp. 450-468. 
Wilkinson, L. 1999, 'Statistical methods in psychology journals: Guidelines and 
explanations', American Psychologist, Vol. 54, no. 8,  pp. 594. 
Williams, B., Brown, T. and Onsman, A. 2012, 'Exploratory factor analysis: A five-
step guide for novices', Australasian Journal of Paramedicine, Vol. 8, no. 3,  
pp. 1. 
Williams, R., Greig, D. and Wallis, I., 2005, Results of Railway Privatization in 
Australia and New Zealand, Transport Sector Board, Washington, DC. 
Winter, G. 2000, 'A comparative discussion of the notion of validity in qualitative 
and quantitative research', The Qualitative Report, Vol. 4, no. 3,  pp. 1-14. 
Woodburn, A. 2008, 'Intermodal rail freight in Britain: a terminal problem?', 
Planning Practice & Research, Vol. 23, no. 3,  pp. 441-460. 
 318 
 
Woodburn, A. 2003, 'A logistical perspective on the potential for modal shift of 
freight from road to rail in Great Britain', International Journal of Transport 
Management, Vol. 1, no. 4,  pp. 237-245. 
Wortman, P. M. 1994. Judging research quality. In: Cooper, H. & Hedges, L. V. 
(eds.) The Handbook of Research Synthesis. Russell Sage Foundtion, New 
York, NY. 
Woxenius, J. 1998. Development of small-scale intermodal freight transportation in 
a systems context. Chalmers University of Technology, Goteborg, Sweden. 
Woxenius, J. and Bärthel, F. 2002, 'The organisation of the European Intermodal 
road/rail freight Transport Industry', International congress on Freight 
Transport Automation and Multimodality, Delft, Netherlands. 
Yang, D., Ong, G. P. and Chin, A. T. H. 2014, 'An exploratory study on the effect of 
trade data aggregation on international freight mode choice', Maritime Policy 
& Management, Vol. 41, no. 3,  pp. 212-223. 
Yang, K. and Meho, L. I. 2006, 'Citation analysis: a comparison of Google Scholar, 
Scopus, and Web of Science', Proceedings of the American Society for 
Information Science and Technology, Vol. 43, no. 1,  pp. 1-15. 
Yin, R. K. 2009. Case Study Research: Design and Methods, Sage Publications, 
Thousand Oaks, CA. 
Yin, R. K. 2010. Qualitative Research from Start to Finish, Guilford Press, New 
York, NY. 
 
 
